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GLOSSARY 


ADM 

advanced  devdoi»iient  model 

AI 

artificial  intelligenoe 

APG 

Aberdeen  Proving  GroutKl 

ARL 

Army  Research  Laboratoty 

ASD 

advanced  system  develcqnnait 

ATR/ATC 

automatic  target  recognition/auttmiatic  target  cueing 

CARD 

corx^uter-aided  remote  driving 

CCF 

cent^  control  facility 

CECOM 

CcNnmunications  and  Electronics  Command 

CXHEE 

ccmcept  of  errq)loyment  evaluation 

C3 

conmand,  control,  and  communications 

DARPA 

Defense  Advanced  Research  Projects  Agency 

ECMVAL 

derrxmstraticm  and  validation 

DoD 

Dqrartmoit  Defense 

DoE 

Departmoit  of  Energy 

DT&E 

development,  test  and  evaluatkm 

EMD 

engineering  and  manufacturing  development 

ECX> 

Erqrlosive  Qtdruuioe  Disposal 

EUT&E 

eariy  user  test  and  evaluation 

FEUCS 

Feedback-limited  Contrd  System 

FUR 

forward  looking  infiared 

FO 

fiberoptic 

FOV 

field  oi  view 

FY 

fiscal  year 

gHz 

gigahertz 

GPS 

Global  PositicHung  System 

HMMWV 

mobility  multi-i»irpose  Mieeled  vehicle 

hp 

horsepower 

INS 

inertial  navigadoi  system 

lOT&E 

Initial  Opertokmal  Test  and  Evaluation 

IR 

infirated 

lUA 

image  understanding  architecture 

JPL 

Jet  Pn^ulsion  Laboratcxy 

JPO 

Joint  npject  Office 

Kbps 

kilobits  per  second 

1 

1 

km 

Idkmeter 

LOS 

line  of  sight 

1 

MBU 

mobile  base  unit 

MDARS-E 

Mobile  Detecdmi  Assessment  Re^xmse  System-Exterior 

■ 

MMW 

millimeter  wave 

1 

MQA 

memorandum  of  agreement 

n^h 

miles  per  hour 

mrad 

I 

MW 

miciowave 

NBC 

nuclear,  biological,  and  diemical 

1 

NDI 

non-devel<^)mental  item 

NIST 

National  Institute  oi  Standards  and  Technology 

■ 

NLOS 

non-line  d  sight 

1 

OCU 

<q)erator  control  unit 

■ 

ORD 

Operational  Requirements  Document 

1 

ORNL 

Ridge  National  Laboratoty 

OSD 

Office  of  the  Secretary  of  Defense 

* 

OT&E 

operational  test  and  equation 

1 

OUSDCAVTS 

Office  of  the  Umiersecretary  of  Defense  (Acquisition)/ 

Tactical  Systems 

■1 

■ 

PE 

program  elemmt 

1 

PIP 

produa  inqprovement  program 

PSEMO 

Physical  Security  Equipment  Management  Office 

I 

PSSE 

I^ysical  security  surveillanoe  and  raforcement 

1 

R&D 

research  and  develoimient 

■ 

RCS 

real-time  centred  system 

1 

RDT&E 

research,  development,  test,  and  evaluatitm 

RECORM 

Remote  Ccmttd  Reoonmdssance  Monitor 

■ 

RF 

radio  fiequency 

1 

RONS 

Remote  Ordnance  Neutralization  System 

RRR 

Rapid  Runway  Repair 

m 

RSTA 

rectmnaissance,  sinveiUance,  and  target  acquisition 

1 

RWG 

robotics  working  group 

S&T 

science  and  technology 

1 

SINCGARS 

Single  Channel,  Ground/Air  Radio  System 

SSV 

Surrogate  Semiautonomous  Vehicle 

■ 

STV 

surrpgate  teleqjerated  vehicle 

1 

TACX»1 

Tank  and  Autonx>tive  Command 

■ 

T&E 

test  and  evaluation 

1 

TUGV 

Tactical  Unmaiuied  Ground  Vehicle 

TWP 

Tactical  Warfare  Programs 

viii 

H 

1 

UAV 

unmanned  air  vehicle 

UGV 

unmanned  ground  vehicle 

UGVCT 

unmanned  ground  vehicle  cmitrol  tesd)ed 

UGVMP 

Unmanned  Ground  Vehicle  Master  Plan 

UGVTEE 

UGV  Technology  Enhancanent  and  E;q>lottation 

VME 

Versabus  Module  Eurcq)ean 

3-0 

three  dimensional 
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I.  SUMMARY 


A.  BACKGROUND 

In  FY  1990,  in  response  to  a  Congressional  request,^  all  Department  of  Defense 
(DoD)  advanced  development  projects  related  to  ground  vehicle  robotics  were  consolidated 
in  a  single  im>gram  element  under  Office  oi  the  Secretary  of  Defense  (OSD)  directitm 
(PE0603709D).  Since  then.  OUSD(A)/TS,  the  Tactical  Systems  office  [fcnmeriy  the 
Tactical  Warfare  Programs  (TWP)  office]  of  the  Office  of  the  Undersecretary  of  Defense 
(AcquisititHi)  [OUSD(A)],  has  been  responsible  for  this  i»t>gram  element  (PE),  providing 
policy  and  program  direction,  allocating  rqrpropriiued  funds  to  projects  within  this  PE,  and 
carefully  monitoring  the  progress  of  these  projects.  The  Services  and  the  Defense 
Advanced  Research  Projects  Agency  (DARPA)  are  responsible  for  the  ccmduct  and  daily 
management  of  the  projects. 

As  part  of  this  consolidadtMi,  existing  and  emerging  requirements  were  analyzed 
and  overall  rationale  and  investment  strategy  for  the  robotics  program  were  develqped.  The 
varitnis  projects  underway  or  proposed  by  die  Services  were  reviewed.  Several  were 
terminated  and  those  that  were  selected  were  restructured  to  produce  a  more  focused  and 
cost-effective  robotics  program.  The  results  of  this  process  were  rqiorted  in  the  1990 
Unmanned  Ground  Vdiicle  Master  Han  (UGVMP).^ 

In  last  year's  UGVMP,^  the  individual  projects  were  crystalized,  intenelated,  and 
mme  strongly  tied  to  the  DoD  acqtdsititm  process,  shown  in  Figure  1.  In  addition,  a 
robotics  technology  maturation  thrust  was  initiated  to  establish  a  national  research  and 
development  (R&D)  base  for  second-generatitxi  UGVs.  The  OSD  PE  encompasses 
advanced  technology  development  at  the  conqxxient  level  and  advanced  development  of 
^stem  prototypes  (Figure  1). 


1  RqMrt  101-132  from  the  Senate  Commitiee  on  ^)pn>priations  on  the  Depaitment  of  Defense 
Apprapriatioiis  BUI,  1990. 

2  Umnamied  Ground  Vehicle  Master  Plan,  Dqxaimenttrf  Defense,  1990. 

Here  wd  hereafter,  the  term  unmanned  gioimd  vehicle  (UOV)  is  used  in  a  general  sense  to  include  a 
nm^  (tf  ap|dicatk»s.  The  term  Tactical  Unmaimed  Oround  Vehicle  (TUGV)  win  refer  to  a  qiedfic 
project,  described  below,  which  is  developing  one  dass  of  UGVs. 

3  Umnanned  Ground  Vehicle  Master  Plan.  PqMHmmit  of  Defaise,  July  1991. 


1 


Figure  1.  Robotics  Program  Focus  (PE0603709D) 

This  year's  UGVMP  contains  an  update,  expansion,  and  adjustment  of  last  year’s 
UGVMP.  It  also  discusses  potential  future  UGV  developments. 


B .  PURPOSE  AND  SCOPE 

The  purpose  of  the  UGVMP  is  to  provide  a  single,  integrated  DoD  document  that 
lays  out  the  strategy  for  introducing  supervised  robotic  vehicles  into  our  forces  and  the  plan 
for  development  and  acquisition  of  UGV  systems.  Hie  UGVMP  describes  the  conceptual 
and  management  framework  within  which  robotics  projects  are  being  pursued,  the  details 
of  these  projects,  and  the  relationships  among  them.  OSD  is  using  the  UGVMP  as  a 
management  tool  in  fulfilling  its  responsibilities  fOT  overseeing  the  robotics  program. 

The  program  has  been  structured  to  progress  fiom  teleoperation-where  %  remotely 
located  human  directly  controls  the  UGV— to  reliance  cm  autonomous  onboard  performance 
of  UGV  functions  with  the  operator  in  a  supervismy  role  and  able  to  supervise  multiple 
UGVs  concurrently. 

In  contrast  to  man-operated  materiel,  the  component  development  of  automatitm 
technology  for  UGVs  must  be  dtme  as  an  integral  part  of  the  total  systeno.  The  robotics 
program  builds  on  the  research  and  exploramry  development  carried  out  by  the  Services 
and  Defense  Agencies,  integrating  demonstrated  component  technologies  inm  prototype 
systems  that  promise  high  operational  payoffs.  Advanced  system  development  will  result 
in  prototypes  that,  from  an  engineering  aspect,  arc  ready  for  a  Milesttme  n  decision. 
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The  cmrent  UGV  investment  focuses  <mi; 

•  Near*  and  mid-term  advanced  system  develt^mient  projects  that  have  Service 
support 

•  Overcoming  technological  barriers  that  impede  the  development  of  highly 
autonomous  UGVs. 

Although  unmanned  air  vehicles  (UAVs)  arc  not  included  within  the  plan, 
UGVAJAV  interoperability  of  remote  command  and  control  stations  and  commonality  of 
architectures  are  being  pursued.  Technologies,  such  as  artificial  intelligence,  that  other 
programs  are  developing  are  being  used  for  UGV  systems.  Conversely,  plannin;;  is 
underway  to  apply  the  technology  base  projects  within  the  UGV  program  to  other 
programs  such  as  the  physical  security  program. 

C.  BASIS  FOR  UGV  SYSTEMS  PLANNING 

The  potential  payoffs  of  UGVs  include  the  following: 

•  Reduced  risk  to  human  life  and  increased  operational  flexibility  in  combat  or 
other  hazardous  environments 

•  Economy  of  manpower  or  reduced  costs  in  operadtms  done  repetitively  (e.g., 
logistics)  where  manpower  savings  more  than  offset  investments  in  equipment 

•  Reduced  training  costs  and  increased  training  realism 

•  Improved  performance  where  automated  systems  either  perform  better  than 
humans  or  eliminate  the  system  compromises  required  by  human  physiological 
limits  (comfort,  fear,  fatigue,  vibratitm,  etc.) 

•  Force  multiplication  where  operators  with  UGVs  bring  substantially  noore 
capability  to  bear  than  would  be  possible  by  individual  troq;>s  without  UGVs. 

There  are  strong  reasons  for  bdieving  that  the  structure  and  q)erations  of  future 
land  forces  will  depend  heavily  on  robotic  systems: 

•  There  are  a  variety  of  potential  applicatitms  of  robotics  to  land  (q)erations  that 
can  increase  efficiency  and  safety.  These  include  reconnaissance  and 
surveillance,  target  engagement,  logistics,  runway  repair,  minefield  detectimi 
and  neutralization,  explosive  ordnance  disposal,  physical  security,  and 
operations  ii  ^ntaminated  environments.  (The  threat  of  encountering 
dir n^acal  and  biOiOgical  weqxMis  in  Third  Worid  conflicts  is  growing  nq>idly.) 

•  Force  size  will  be  substantially  snudler  (e.g.,  forward-deployed  forces  in 
Europe)  but  without  conesponding  reductkxis  in  areas  of  reiqxmsibility. 

•  The  hardware  that  is  necessary  for  many  of  these  applications  is  developing 
rapidly.  Modem  soisors,  computers,  and  communicatitm  links  can  acquire. 
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process,  and  transmit  data  far  beyond  the  ciq)abilities  of  individuals  restricted 
to  manual  operations. 

•  Robots  and  robot-like  devices  continue  to  grow  in  commercial  importance  with 
applications  that  range  from  cruise  control  of  automobiles  to  complex 
autopilots  and  from  manufacturing  to  medicine. 

In  a  number  of  ways,  lessons  learned  from  the  recent  conflict  in  Southwest  Asia 
reenforce  the  view  that  automation  and  robotic  systems  will  play  a  major  role  in  realizing 
the  force  muldpUcation  required  to  offset  ctmtinuing  reductions  in  land  forces: 

•  For  the  first  dme,  UA  Vs  were  widely  used  in  combat. 

•  Land  forces  confronted  the  immediate  threat  of  chemical  wetqxxis. 

•  A  hurried  request  for  remotely  operated,  mine-clearing  tanks,  and  shallow 
water  craft  was  made. 

•  High  technology  weapons  demonstrated  the  effectiveness  of  autonomous 
guidance. 

•  Desert  Storm  set  a  standard  of  minimal  friendly  casualties  against  which  the 
results  of  future  conflicts  will  be  measured. 

Although  the  potential  applications  and  payoffs  of  UGV  systems  are  apparent  and 
although  today's  sensors  and  computers,  coupled  interactively  with  humans,  can  meet  the 
requirements  for  truuiy  of  these  applications,  for  many  other  tqjplications  the  software  that 
is  required  to  iqiproximate  human  cq)ability  to  integrate  data  and  exercise  control  authority 
does  not  exist  Developing  such  software  for  future  autonomous  systems  is  the  major 
challenge.  Teleoperation  avoids  the  severe  software  challenges  of  autononoous  operation 
but  involves  significant  communications,  man-machine  interface,  and  human  factors 
issues.  Nevertheless,  teleoperation  is  feasible  today;  except  for  a  few  highly  structured 
applications,  autonomous  opoadon  is  not 

Given  the  status  of  robotics  technology  and  user  requirements,  current  DoD 
plaiming  for  UGV  systems  stresses  two  types  of  system  development.  The  first  type 
involves  UGVs  that  must  operate  on  the  battlefield  with  other  land  combat  systems  and 
forces.  The  TUGV  development  is  the  near-term  thrust  of  the  UGV  program  in  this 
category.  The  second  type  involves  relatively  narrow,  but  cost-effective,  qiplications  otho* 
than  land  combat  that  have  limited  and  achievable  requirements  for  automating  human 
ctMitrol  functions.  These  narrower  projects  develop  specific  robotics  techniques  and  also 
support  the  goal  of  gaining  user  acceptance  of  robotic  systems. 

The  UGV  program  strategy  is  based  (xi  a  coordinated  evolution  of  demonstrated 
capabilities  and  user  requirements.  In  the  near  term,  teleqieration  and  teleassistance  are 
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enqihasized,  together  with  extensive  user  oppcxtunities  to  gain  experience  with  prototypes. 
In  the  mid-term,  supervised  robotics  will  be  demonstrated  and  introduced  for  navigation 
and/or  reconnaissance,  surveillance,  and  target  acquisition  (RSTA)  functions.  In  the  far 
term,  highly  robotic  systems  based  on  artificial  intelligence  (AI)  will  be  developed  not  only 
for  autonomous  TUG  Vs  but  also  as  upgrade  options  for  manned  systems.  Far- term 
robotics  resouch  is  being  conducted  iiuunly  by  DARPA. 

The  UGV  plan  described  in  this  report  has  been  structured  to  maximize  future  use 
across  the  Services,  to  focus  limited  resources  on  existing  and  emerging  requirements,  and 
to  preclude  duplicative  activities.  Technology  programs  have  been  focused  on  the  system 
^rplications  that  were  selected.  SpeciHc  programmatic  plans,  described  below,  have  been 
developed  to  ensure  that  appropriate  technology  is  demonstrated  and  that  demonstrated 
technology  is  integrated  into  system  develqrment 

Considerable  attention  has  been  given  to  fostering  organizational  relationships 
(among  DoD  components  and  between  them  and  other  agencies,  universities,  and  industry) 
that  will  assure  technology  transfer  and  maximize  the  productivity  of  the  funds  expended 
under  the  Joint  Robotics  Program.  These  relatitxiships  include: 

•  Development  of  the  TUGV  under  a  memorandum  of  agreement  (MOA) 
between  the  Army  and  Marine  Coaps 

•  Collaboration  among  the  advanced  system  development  and  technology 
projects  for  demonstration  and  integration  of  technology  prior  to  engineering 
and  manufacturing  develq)ment  (EMD) 

•  Development  of  robotic  UGV  navigation  technology  under  an  MOA  between 
DARPA  and  OUSD(A)/TS  that  incorporates  technology  transfer  firom  academia 
to  industry  and  Government 

•  Pursuit  of  joint  DoD  and  Department  of  Energy  (DoE)  development 
opportuiuties 

•  Colocation  of  the  UAV-Shon  Range,  UAV-Close  Range,  and  UGV  project 
offices  to  facilitate  cooperaticm  in  the  development  of  enqrloyment  ooncq>ts  and 
cotimxNi  control  architectures. 

D.  PROGRAM  SUMMARY 

Figure  2  shows  tiie  FY  1992  robotics  program  consisting  of  tfiree  advanced  system 
develtqrments  and  two  technology  enhancement  and  maturaticHi  projects  as  well  as  one 
program  that  was  funded  in  earlier  years. 
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FIgur*  2.  Robotics  (UGV)  Program 

The  Remote  Control  Reconnaissance  Moniunr  (RECORM)  is  now  in  EMD  and  is 
funded  through  the  joint  Explosive  Ordnance  Disposal  (EOD)  program.  This  lightweight, 
two-man  transportable  UGV  system  will  allow  EOD  personnel  to  visually  search  for, 
identify,  and  determine  the  amdition  of  une]q)loded  ordnance  fipom  a  remote,  safe  location. 
The  Milesttxie  in  decision  is  planned  fcH*  October  1993.  The  current  procurement  plan  calls 
for  340  vehicles  with  a  unit  price  of  about  $110,000. 

The  Remote  Ordnance  Neutralization  System  (RONS),  tx>w  in  advanced  system 
develt^ment  (ASD),  is  also  an  EOD  UGV  acquisition  project  Transition  to  EMD  is 
plarmed  for  FY 1994  with  production  commencing  in  FY  1998.  This  project  is  developing 
a  remotely  operated  mobile  platform  with  closed-circuit  TV,  a  six-degrees-of-freedom 
manipulator,  and  a  suite  of  EOD-unique  mols  with  autmnated  tool  exchange.  This  UGV 
system  will  provide  EOD  perstnuiel  safe  separation  firtHn  hazardous  accident^ncident  sites 
where  explosive,  chemical,  or  radiatitm  risks  are  present  The  current  plan  calls  for 
procurement  of  about  2(X)  vehicles. 

The  Rapid  Runway  Rq>air  (RRR)  UGV  is  another  advanced  ^stem  development 
effort  to  ronove  personnel  from  high  threat/hazardous  environmmts.  The  RRR  UGV, 
which  will  be  capable  of  automated  driving  to  a  damaged  runway  site,  finding  and 
assessing  the  damage,  and  repairing  it  as  required,  suppmts  the  Air  Force  requirement  for 
sustained  qieration  of  air  fields  following  an  enen^  attack.  The  guided  robotic  posititxiing 
and  operatitm  of  heavy  equipment  represents  a  unique  set  of  requirements  that  bring 
effector  technology  fm*  civil  engineering  into  the  overall  robotics  program.  Potential 
civilian  triplications  of  diis  technology,  e^iecially  for  work  in  hazardous  envircMunents,  are 
bdng  explored  with  DoE.  An  EMD  decisitm  is  planned  for  FY  1994  with  procurement 
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oommencing  in  FY  1997.  The  current  estimate  of  [nocurement  quantity  is  approximately 
125  UGVs. 

The  TUGV  is  a  joint  Army  and  Marine  Corps  effort  to  develq)  UGVs  for  battlefield 
operations.  This  project  was  initiated  by  Congressitmal  request  in  FY  1990.  Its  overall 
objective  is  to  increase  the  effectiveness  and  survivability  of  combined  arms  forces  by 
extending  the  control  radius  of  the  soldier  on  the  battleHeld.  The  near-term  objective  is  to 
field  by  1998  a  teleoperatedAeleassisted  TUGV  with  the  remotely  located  operate  capable 
of  performing  RSTA  functions;  nuclear,  biological,  and  chemical  (NBC)  detection;  and 
laser  designation.  The  near-term  program  includes  extensive  user  familiarization  with 
surrogate  teleoperated  vehicles  (STVs)  in  order  to  assess  operational  benefits  and  liabilities 
and  to  assist  in  refining  requirements  befne  entering  EMD  in  FY  1994.  The  current  plan  is 
to  procure  about  1,200  TUGVs. 

The  RRR  project  has  less  demanding  requirements  for  navigation  and 
communications  than  the  TUGV.  Because  of  the  structured  setting  in  which  it  will  operate, 
RRR  navigation  can  incorporate  more  robotic  features. 

These  and  future  UGV  acquisition  projects  are  supported  by  a  technology 
enhancement  program  designed  to  exploit  and  mature  robotics-related  teclmolpgy  advances 
that  are  critical  for  the  UGV  acquisition  process.  Its  focus  is  on  providing  the  technology 
and  the  missitm  ciqrabilities  required  for  the  first  generation  TUGV,  including  product 
improvement,  and  for  the  relatively  narrow  applications  of  the  other  UGVs.  The  two 
projects—denoted  by  DEMO  I  and  DEMO  U— advance  critical  UGV  component 
technologies  and  demonstrate  system  integration  of  these  comptments.  DEMO  I  and 
DEMO  n  are  following  a  progression  from  manpowo’-intensive  teleoperation  through 
supervisory  amtrol  to  force-multiplying  robotics  levels  of  autonomy. 

DEMO  I  will  be  essentially  complete  this  year,  having  achieved  its  principle 
objective  of  maturing  and  demonstrating  critical  system  component  technologies  for  first- 
generation  UGVs.  The  emphasis  in  DEMO  I  has  been  on  reducing  (^>erator  workload 
while  enhancing  performance  of  the  RSTA  mission  of  TUGVs.  Based  cm  the  results  of 
performance  tests,  selected  technologies  will  be  integrated  onto  the  STV  and  carried 
through  die  TUGV  advanced  system  develojmient  phase  by  the  UGV  JPO. 

DEMO  n  started  last  year  with  the  objective  of  developing,  within  tiie  next  S  years, 
those  navigation  and  other  technologies  that  are  necessary  to  move  UGV  capabilities  fixxn 
teleoperation  to  supervised  robotics.  This  includes  RSTA  functions  while  the  UGV  is 
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moving,  auumiated  communication  with  other  vehicles  and  with  the  supervising  command 
and  control  network,  and  workload-partitioning  among  vehicles. 

In  order  to  respond  to  user  requirements  as  they  evolve,  the  longer-term  goals  of 
the  robotics  (UGV)  program  are  as  follows; 

•  The  realization  of  mature  technology  for  a  supervised  UGV  by  the  year  2000 

•  The  capability  of  fielding  autonomous  UGV  systems  by  the  year  2010. 

Even  though  program  resources  preclude  any  new  initiative  before  FY  1994, 
candidate  technologies  and  applications  are  being  examined.  Potential  future  acquisition 
projects  are  discussed  in  Section  II.F. 
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II.  UGV  PROGRAM  STRATEGY  AND  MANAGEMENT 

Chapter  I  described  the  broad  rationale  for  the  UGV  program.  This  chapter 
ctmtinues  the  discussion  of  rationale  by  focuring  on  each  of  the  major  cmnponents  of  the 
program  and  the  role  of  individual  projects  within  those  conq)onents.  Management  aspects 
of  the  program  are  highlighted. 

A.  OVERVIEW 

As  stated  in  Chapter  I,  the  following  three  projects  are  in  ASD  and  are  being  funded 
under  PEC503709D: 

•  Tactical  Unmanned  Ground  Vehicle  (TUGV) 

•  Rapid  Runway  Repair  (RRR) 

•  Remote  Ordnance  Neutralizati(»  System  (RONS) 

These  (and  future)  projects  are  supported  by  UGV  Technology  Enhancement  and 
Exploitation  (UGVTEE)  tasks  that  are  addressing  technologies  critical  to  the  timely 
development  of  UGV  systems.  Two  extensive  series  of  technology  maturations  and 
demmistrations  are  underway.  These  efforts  are  referred  to  as  DEMO  I  and  DEMO  n  and 
are  discussed  in  Section  E  below.  They  directly  support  the  various  UGV  functional 
needs,  planned  demonstrations,  and  future  product  improvements. 

Table  1  shows  the  overall  funding  structure  of  the  UGV  program.  Based  on  DoD 
budget  guidance,  die  plan  assumes  a  ctHistant  level  of  annual  funding  of  iqpproximately  $21 
million.  The  majority  of  this  amount  is  planned  for  6.3B  development  programs;  a 
breakdown  of  diis  funding  among  TUGV,  RRR,  and  RONS  is  shown  in  Table  2. 

Table  2  displays  the  funding  planned  fOT  TUGV,  RRR,  and  RONS  up  to  EMD. 
Coincidentally,  EMD  is  scheduled  to  occur  in  FY  1994  for  each  of  these  programs.  The 
Services  are  responsible  for  EMD  funding.  Candidate  new  initiatives  for  FY  1994  and 
FY  1995  are  discussed  in  Section  F.  Next  year’s  UGVMP  wiU  describe  the  FY  1994  plan 
in  detail 
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Table  1.  Planned  Funding  for  PE0603709D  ($M) 


Prior  Yaars 

FY92 

FY93 

FY94 

FY95' 

0«v«lopm«nt  Programs 

21.25 

11.80 

10.90 

8.50 

9.50 

Tachnology  Base  (UGVTEE) 

19.78 

8.00 

8.00 

9.00 

9.00 

Study,  Taxas 

.79 

.73 

.52 

.32 

.50 

Total 

41.82 

20.23 

19.42 

17.82 

19.00 

■  No  FY 1 995  funds  hav«  be«n  oofnmitt«d  at  this  tim« 


Table  2.  Planned  Funding  for  6.3B  Development  Programa  ($M) 


Prior  Yaars 

FY02 

FY93 

FY94 

Total 

TUGV 

14.35 

8.10 

7.80 

6.00 

32.95 

RFIR> 

2.75 

2.00 

1.50 

1.00 

8.60 

RONS^ 

1.50 

1.70 

1.60 

1.50 

6.80 

*  In  addition  to  th«  amounts  shown,  th«  Air  Force  has  budgated  $0^  million  in  FY  1 990, 
$0,375  million  in  FY  1991,  $0,325  miiiion  in  FY  1992,  and  $0.30  milion  in  FY  1993  and 


FY1994. 

^  In  addition  to  tha  amounts  shown,  tha  Navy  has  budgatad  $0.40  million  in  FY  1992and 
$0.90  miiiion  in  FY  1993. 


B .  TACTICAL  UNMANNED  GROUND  VEHICLE  (TUGV) 

In  FY  1990,  an  MOA  established  the  Joint  Anny/Maiine  Corps  TUGV  program 
with  the  Army  as  lead  Service  and  the  Marine  Corps  providing  the  project  manager.  The 
need  for  the  TUGV  arises  from  the  convergence  of  two  major  trends.  First,  the  lethality  of 
the  modem  battlefield  has  increased  dramatically.  Proliferation  of  modem  precision-guided 
munitions  and  chemical  and  biological  weapons  and  developments  in  directed-energy 
weapons  necessitate  commensurate  improvements  in  technology  to  extend  the  survivability 
of  individual  soldiers  and  marines.  Second,  reductions  in  force  structure  require  materiel 
advances  that  are  force  multipliers.  The  overall  purpose  of  the  TUGV  program  is  to 
increase  the  effectiveness  and  survivability  of  comtnned  arms  forces  by  extending  the 
control  radius  of  human  presence  on  the  battleHeld.  Remote  operatitm  is  particularly 
important  for  the  most  forward  deployed  forces  who  are  most  at  risk,  including  the  risk  of 
fratricide. 

The  long-term  objective  of  the  TUGV  program  is  to  extend  the  operational 
capability  to  perform  RSTA-related  missions  and  enhance  soldier  survivability,  without 
intrcxlucing  limitations  that  are  not  present  in  alternative  manned  ^sterns.  This  can  best  be 
accmnplished  through  increased  automation  in  conjunction  with  innovative  tactics.  Future 


TUOVs  will  allow  an  (iterator  to  ctmtroi  multipte  vehicles  and  oversee  several  missions. 
DEMO  n  is  developing  this  capability  (see  Section  E.2  below).  Other  TUGV 
characteristics  such  as  moiety,  deployability,  and  endurance  should  match  or  exceed  those 
of  comparable  manned  systems. 

1 .  System  Description 

The  first  generation  TUGV  will  be  a  teleoperated,  lightweight,  mobile  ground 
system  for  the  infantry  and  Marine  Corps  that  is  navigated  to  an  assigned  posititm  to 
provide  remote  reconnaissance  and  surveillance  over  prolonged  time  periods.  This  system 
will  significantly  lessen  the  exposure  of  combat  soldiers  and  marines  to  hazardous  and 
lethal  enviroiunents.  The  initial  requirement  documents^  specify  TUGV  capabilities  that 
include  RSTA  with  laser  designation  and  weapon  targeting;  NBC  detection  and 
surveillance;  obstacle  detection  and  breaching;  and  the  ability  to  employ  standard  infantry 
weapons  for  self-defense.  The  principal  focus  of  the  first  generation  TUGV  is  on  the 
RSTA  mission.  By  using  highly  modular  subsystems,  the  TUGV  can  be  readily  upgraded 
when  new  technologies  become  available. 

The  initial  system  is  envisioned  to  consist  of  an  operator  control  unit  (CXIU), 
various  mission  modules,  redundant  data  links,  and  a  noobile  base  unit  (MBU).  The  (X^ 
is  the  ccnmiiand  and  coitrol  station  from  which  both  the  MBU  and  its  mission  modules  are 
remotely  operated.  The  mission  modules  are  specialized  equipment  packages  (e.g., 
sensors,  lasers,  and  processors  for  the  RSTA  mission).  The  TUGV  will  have  redundant 
video  data  links  between  the  MBU  and  the  OCU.  Current  candidates  include  a  fiber  c^tic 
(FO)  cable,  narrow-band  RF  (with  data  cmnpressimi),  and  wide-band  (line-of-sight)  RF. 
The  first  generation  MBU  will  be  based  on  an  existing,  ncm-developmental  item  (NDI) 
chassis.  The  two  principal  candidates  are  the  high  mobility  multi-purpose  wheeled  vehicle 
(HMMWV)  and  a  militarized  all-terrain  vehicle.  However,  the  equ^ments  mounted  on  the 
MBU,  which  include  navigation  equipment,  onboard  computers,  and  driving  actuators, 
require  varying  amounts  of  development  and  integration.  Next  year’s  UGVMP  will  give  a 
detailed  description  of  the  first  generation  TUGV  after  the  final  operational  reqtdremaits  are 
established. 


*  Army  Operational  and  Organizational  (O&O)  Plan,  November  1990,  Marine  Corps  Initial  Operational 
Reqidrement  (IS(Xt),  December  1990. 
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2.  Technical  Program  Plan 

Figure  3,  an  overview  of  the  TUGV  program,  shows  the  parallel,  interacting 
progression  of  system  hardware  and  software  development,  tests,  demcmstraticHis,  and 
suppcming  studies. 


Figure  3.  TUGV  Program  Plan  and  Schedule 

Advanced  system  develqiment  of  the  TUGV  has  two  pans. 

1 .  Acquisition  of  NDI  STVs,  pr(q)erly  noodified  for  teleoperated  navigatitm  and 
RSTAto 

Establish  die  limitations  and  usefulness  of  NDI  TUGVs 

Formulate  and  evaluate  concqits  of  employment 

Engage  the  user  in  early  test  and  evaluatitm  for  refining  the  t^ieraticHial 
requirements. 
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2.  I^IVAL?  risk  reduction  program  to 

Evaluate  uid  select  teleassistance  technologies  provided  by  the  DEMO  I 
technology  maturation  program 

Integrate  die  selected  technokigies  in  the  NDI  vehicle 

Test  integrated  teleassistance  technologies  in  terms  of  their  ability  to 
reduce  operator  workload  and  enhance  perfcmnance. 

A  contract  for  14  STVs  was  awarded  in  December  1990,  and  these  have  been 
delivered.  The  basic  STV  is  a  relatively  small,  lightweight,  teleoperated  UGV  (Figure  4). 
It  can  be  transported  on  board  a  HMMWV,  towed  by  other  vehicles,  or  driven  either  by  an 
(Hiboard  driver  or  under  remote  command  and  control.  It  also  can  be  air-transpmted  by 
rotary-  and  fixed-wing  aircraft 


Figure  4.  STV 


^  The  demonsintion  and  validation  phase  ttf  ASD  requiring  manuCKtuie  and  development  test  and 
evaluation  (DTAE)  engineeting  prototypes. 


13 


Structurally  and  functionally,  the  STV  reixesents  the  four  major  components  of  the 
TUGV:  (1)  the  MBU,  (2)  the  OCU,  (3)  data  communication  links,  and  (4)  a  RSTA 
module  or  other  modular  nussion  payloads. 

•  The  MBU  is  a  six-wheel-drive,  all  terrain  vehicle.  It  contains  all  automotive 
and  navigational  components,  including  sensors  and  amtrols  for  teleoperated 
driving  under  day,  night,  and  adverse  weather  conditions.  A  Global 
Positioning  System  (GPS)  and  odometry  provide  location  and  direction  of 
travel.  The  platfcxm  is  powered  by  a  hybrid  25  htHrsepowa*  (hp)  diesel  engine 
and  a  3  hp  electric  motor  for  quiet  locomotion  and  cq)eration.  Under  diesel 
power,  the  STV  can  traverse  roads  at  35  miles  per  hour  (mph)  and  travel  off¬ 
road  at  25  mph.  The  sensor  and  antenna  platftmn  can  be  elevated  to  about  5 
meters  above  ground  level.  The  STV's  hierarchical  architecture,  designed  for 
information  processing  at  a  number  of  levels  and  for  add-on  of  processing 
power,  will  allow  incoiporadon  of  increased  machine  autonomy  as  appropriate 
software  becomes  available.  This  architecture  was  originally  developed  and 
adapted  for  UGV  control  by  the  National  Institute  of  Standards  and 
Technology  (NIST). 

•  The  OCU  is  a  man-portable  monitor  and  control  console  equipped  with 
apprcqniate  control  interfaces,  power  supply,  processor,  and  communication 
links.  The  operator  receives  video,  autho,  and  vehicle  status  information  hmn 
the  MBU  location  and  remotely  controls  Ae  MBU  and  missitm  modules. 

•  The  RSTA  mission  module  consists  of  a  suite  of  sensors  used  for  both  driving 
and  RSTA.  It  includes  day  and  night  television  cameras,  forward-looking 
infirared  (FLIR),  laser  range  findor  and  designator,  and  acoustic  sensors. 
Incorporation  of  an  NBC  detection  system  is  planned. 

•  The  STV  has  redundant  video  data  communicadtm  links,  a  FO  cable  and  a 
wide-band  (line-of-sight)  RF  link. 

The  STVs  will  be  used  throughout  FY  1993.  Two  of  the  14  STVs  arc  being  used 
for  safety  and  technical  performance  tests.  The  remaining  vehicles  are  undergoing  a  series 
of  operational  tests  to  validate  and  refine  the  operational  employment  concepts  and 
performance  requirements  for  the  TUGV.  A  concept  of  employment  evaluation  (COEE) 
simulating  operational  scenarios  was  conducted  at  Fort  Hunter-Liggett,  CA,  during 
February  and  March  1992.  This  test  series,  with  soldiers  and  noarines  participating,  will 
ctmtinue  throughout  1992,  culminating  in  an  early  user  test  and  evaluation  (EUT&E). 
These  events  will  provide  the  user  with  hands-on  experience  for  develqnng  qpoaticmal 
tactics,  techniques,  and  procedures  for  TUGV  employments  and  for  refining  the  final 
Operational  Requiranents  Document  (ORD). 
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Based  on  the  remit  of  dtis  test  saies  and  DEMO  I,  selected  techncdogies  wiU  be 
integrated  into  the  candidate  TUGV  platform(s)  for  the  DEMVAL  program.  To  reduce 
devdt^ment  risk,  the  remlting  prototypes  will  be  required  to  demonstrate  that  all  the 
teleoperation/teleassistance  technologies  necessary  to  meet  the  operational  performance 
requirements  are  mature  enough  for  a  Milestone  n  decision. 

3.  Program  Schedule  and  Funding 


The  overall  program  schedule  and  the  funding  levels  fw  the  TUGV  project  are 
shown  in  Figure  S. 


Sciwduls 

Milftston*  II 

OT&E 

OT&E 

MilMton*  III 

FY90 

FY91 

FY92 

FY93 

FY94 

Fvas 

FY96 

FY97 

UUEfl 

C 

lEUTtri 

C 

Funding  ($K) 

OSD 

6700 

7650 

8100 

7800 

6000 

Anny 

6000 

6300 

6500 

6800 

USMC 

5000 

1400 

2000 

2500 

Figure  5.  TUGV  Program  Schedule  and  Funding 

The  TUGV  DEMVAL  will  start  in  FY  1993  after  tqproval  of  the  ORD  and  continue 
into  FY  1994.  DEMVAL  does  not  require  die  develqiment  of  eidier  a  new  platform  or  new 
technologies,  only  their  integration  into  the  TUGV  prototype.  Hence,  a  Milestone  n 
decision  is  planned  in  FY  1994.  Completion  of  the  TUGV  EMD  is  planned  for  FY  1998. 

The  TUGV  ASD  is  completely  funded  through  the  Robotics  Program.  The  Army 
and  Marine  Corps  provide  EMD  and  producticMi  funding  roughly  in  prc^xmion  to  their 
anticipated  TUGV  procurements.  Currently,  about  1,200  TUGVs  are  planned  to  be 
procured. 

C.  RAPID  RUNWAY  REPAIR  (RRR) 

To  sustain  offensive  and  defensive  air  operations,  it  is  essential  that  the  runways 
fr:mi  which  the  planes  take  off  and  land  remain  intact.  Restoration  of  airfields  following 
enemy  attack  is  an  Air  Force  requirement;  air  bases  must  be  available  for  flight  operadcms 
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within  missitM)  tune  requirements.  Howevo’,  dangerous  post-attack  conditions  cmnplicate 
runway  repair.  Subsequent  attacks  may  occur,  the  enemy  may  scatter  mines  during  initial 
or  foUow-on  attacks;  the  threat  of  lethal  chemical  and  biological  agents  is  increasing.  These 
hazardous  conditions  inhibit  manned  runway  repair  operations  and  also  require  addititmal 
manpower  and  equipment  for  backup  suppwt  Under  these  conditions  the  current  method 
of  restoring  the  operational  capability  of  airfields  is  both  manpower-intensive  and  unaUe  to 
coo^lete  the  task  within  the  time  required. 

The  RRR  UGV  (Figure  6)  provides  a  teleoperated/robotic  means  of  executing 
runway  repair  and  recovery,  including  cleanup  oi  unexploded  mtinance.  Under  post-attack 
conditions,  remote  operator(s)  and  other  airbase  personnel  can  reirutin  at  a  safe  distance. 
Based  on  preliminary  performance  tests  of  a  brassboard  design,  it  is  estimated  that  these 
remotely  operated  machines  working  alone  will  decrease  crater  repair  time  by  35  percent 
compared  to  irumned  systems.  Thus  RRR  responds  to  safety,  manpower,  and  mission 
time  requirements. 


Figure  6.  RRR~Cone«ptuai  Design 
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1 .  System  Description 


'Rie  RRR  UGV  will  weigh  less  than  SO.OOO  pounds-compared  to  60,000  pounds, 
for  the  current  human-operated  excavator—and  will  be  designed  as  a  construction  robot  for 
multi-purpose  use  and  for  rapid  air  and  ground  transportability.  The  RRR  robotic  system 
consists  of  a  central  control  facility  (CCF)  and  multiple  mobile  repair  platforms. 
Communication  is  through  a  wireless  RF  link  with  an  umbilical  FO  link  as  backup.  The 
CCF,  which  can  supervise  25  platforms  concurrently,  includes  the  communication 
transmitter  and  receiver,  display  monitors,  and  controls  for  the  various  RRR  mission 
functions.  The  platform  is  a  tracked  UGV  and  is  equipped  with  a  communication 
transmitter  and  receiver,  stereo  video  cameras  [color  as  well  as  infrared  (IR)]  foe  navigation 
and  engineering  tasks,  a  laser  scanner,  VME^  electronics  for  automotive  functions,  a  high 
performance  processor,  an  inertial/GPS  navigation  system,  and  an  effector  system  with 
robotics  tool  exchange  for  the  various  engineering  tasks.  The  latter  includes  a  30-foot 
reach  multi-function  arm  equipped  with  position  and  force  sensors  for  maiupulator  control. 
The  RRR  UGV  has  a  295  hp  diesel  engine  that  powers  the  automotive  system  and  the 
hydraulic  system  of  the  effector  arm  and  provides  electric  power  for  the  onboard  electrical 
and  electronic  systems.  System  operability  in  adverse  lighting,  weather,  and  ground 
enviroiunents  will  match  or  exceed  manned  consmuniem  equipment 

2.  Technical  Program  Plan 

The  RRR  ASD  is  being  carried  out  in  three  phases  shown  in  Figure  7.  Each  phase 
leads  into  a  decision  gate  at  which  acquisition  critk^l  technologies  and  performance  criteria 
must  be  met  before  the  program  can  progress  into  the  next  event.  The  first  phase  is 
complete.  To  reduce  risks,  critical  conqxmem  technologies  were  identified  early  and  tested 
using  available  engineering  construction  vehicles  modified  for  uiunanned  operatitm;  a  John 
Deere  690C  excavator  and  mule,  a  four-wheel  navigation  testbed.  In  coordinatitm  with  the 
other  robotics  projects,  especially  DEMO  I,  a  series  of  technical  assessments  were 
conducted  for  each  critical  component  technology  before  the  overall  system  design  and 
program  road  map  were  established 


3  Versabus  Module  European,  an  electronics  imerfsce  standard. 
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Figure  7.  RRR~D«monttretlon  and  Validation  Phaae  Eventa 

The  RRR  program  is  now  in  phase  2.  It  focuses  on  component  development  for 
communication,  navigation,  runway  damage  detecticm  and  assessment,  automotive  and 
mission  effector  components  designed  for  robotic  use,  ctmtrol  architecture  and  information 
processing  hardware  and  software,  and  system  integration.  Each  developed  conqxMient 
will  undergo  technical  and  operational  p^ormance  testing  and  evaluation  before 
proceeding  into  the  integration  i^ase.  Each  con^xment  area  is  described  below; 

•  Communication"Using  a  fixed  OCU  and  the  Jdin  Deere  excavator,  the 
peifonnance  of  candidate  cmnmunication  links  and  protocols  will  be  tested  and 
evaluated  for  RRR  missions,  under  teleoperation  and  supervised  robotics 
ccmtrol.  Protocols  and  associated  hardware  were  developed  by  NIST  and  are 
also  being  applied  to  the  TUGV.  The  performance  denxmstratimi  is  plaiuied 
fOT  September  1992. 

•  NavigaticMi-Peiformance  tests  and  analyses  of  navigation  subsystems,  some 
of  them  derivatives  of  DEMO  I,  will  be  carried  out  over  a  12>month  period. 
These  subsystems  include  sensor-based  obstacle  recogniticm  and  avoidance 
(taken  foxn  die  TUGV  prcgea),  ctmiputer-aided  remote  driving  based  (xi  GPS 
and  odometry,  and  route  retrace  and  retrotraverse  (with  and  without  path  off¬ 
set).  Subsystems  will  be  selected  for  inclurion  in  the  RRR  navigation  systeirL 
Deirxmstration  of  the  integrated  system  is  planned  fcv  August  1993,  using  the 
mule. 

•  Runway  Damage  Recognition  and  Assessment-This  fiuicticm  requires  tiiree- 
dimensional  information  about  the  runway  in  front  of  the  RRR  UGV.  PossiUe 
sensors  include  stereo  vision  or  a  comlnnation  of  an  imaging  syston  and  a 
ladar.  The  machine  intelligence  technology  base  for  handling  this  misskm  task 
at  the  rcdwtics  level  of  autonomy  is  being  developed  by  DEMO  n  but  will  not 
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be  available  for  RRR  use  within  the  conqxxient  develt^ment  phase.  Hence, 
performance  dononstration  of  a  hybrid  man-machine  sdution  is  planned  at  the 
end  of  FY  1992. 

•  Auunnotive  and  Mission  Effectcnr  Components  Designed  for  Unmanned  Use- 
The  RRR  demonstration  platfcmn  is  now  being  built  and  will  be  delivered  by 
mid-FY  1993.  Demonstration  of  teleoperational  navigation  and  flexible  all- 
around  constructicm  capability  is  planned  for  November  1992.  A  major  part  of 
the  software  that  controls  engineering  repair  tasks  has  been  developed  and 
tested  on  the  Jdin  Deere  excavator. 

•  Control  Architecture  and  Information  Processing  Hardware  and  Software-The 
NIST  real-time  control  architecture  was  selected  for  the  RRR.  All  system 
components  are  being  designed  for  incorporation  into  this  control  system.  The 
onboard  processor  will  be  selected  after  the  specification  of  the  critical  system 
ctxnponents  and  their  computational  requirements  is  complete.  Since  software 
development  and  check-out  is  an  integral  part  of  the  communication, 
navigation,  and  mission  component  developments,  no  specific  demonstrations 
of  control  architecture  are  scheduled  in  phase  2.  Demonstration  of  overall 
system  performance  is  planned  fOT  August  1994,  as  part  of  phase  3  of  ASD. 

•  System  Integration-After  integration  of  the  selected  components  into  the 
control  architecture  and  onto  the  new  platform,  the  resulting  engineering 
prototype  will  undergo  an  intensive  DT&E.  A  crater  will  be  blown  in  the  test 
runway  and  the  RRR  UGV  will  have  to  carry  out  the  crater  repair.  This 
involves  navigating  under  supervisory  control  from  a  central  assembly  area  to 
the  approximate  location  of  the  crater,  finding  the  crater  on  the  runway, 
mapping  the  crater  and  assessing  the  damage,  determining  the  rq)air  sequence, 
executing  the  repair,  and  returning  to  the  assembly  area.  Final  system 
performance  demonstration  is  scheduled  for  August  1994  at  Tyndall  Air  Force 
Base,  FL. 

The  system  integration  phase  will  ccHiclude  with  a  technical  and  operational 
performance  review  of  the  RRR  engineering  prototype  to  determine  whether  the  RRR 
program  is  ready  for  Milestone  n. 

3.  Program  Schedule  and  Funding 

The  RRR  program  was  initiated  in  March  1990.  The  Air  Force's  requirement  for 
rapid  deployment  is  being  implemented  in  the  prototype  design.  In  November  1991  a 
ctMitract  was  awarded  to  Eagle-Picher  Industries,  Lubbock,  TX,  for  design,  development, 
and  fabrication  of  the  RRR  prototype  platform,  which  will  be  available  in  FY  1993.  The 
various  system  components  being  developed  will  be  integrated  into  this  platform.  DT&E 
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of  the  resulting  RRR  engineering  prototype  is  planned  for  the  seccmd  half  of  FY  1994. 
Currently,  Milestone  n  is  planned  fOT  the  end  of  FY  1994,  with  EMD  to  be  ccnnpleted  in 
FY  1997.  Figure  8  shows  the  schedule  and  funding  fm  RRR  by  fiscal  year  (FY  1990  -  FY 
1997).  Currently,  procurement  of  about  125  RRR  UGVs  Is  planned. 
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Figure  8.  RRR  Program  Schedule  and  Funding 

D.  REMOTE  ORDNANCE  NEUTRALIZATION  SYSTEM  (RONS) 

The  RONS  is  being  developed  in  accordance  with  the  Joint  Service  Operational 
Requirement  for  RONS  of  26  Februaiy  1990.  RONS  is  now  in  ASD.  When  fielded  in  the 
late  1990s,  it  will  replace  Service-peculiar  teleoperated  EOD  systems  that  have  extremely 
limited  operational  capabilities  and  utility.  The  RONS  platform  will  separate  the  EOD 
operator  safely  firom  accident/incident  sites  where  explosive,  chemical,  and  radiation 
hazards  are  present  This  new  system  will  provide  EOD  personnel  with  a  means  to  secure 
unexploded  ordnance,  attach  a  render-safe  mol,  withdraw  to  a  safe  area,  and  fire^imctitni 
the  tool. 


1 .  System  Description 

The  RONS  consists  of  the  operator  controls,  a  mobile  platfcvm  (see  Figure  9),  a 
closed-circuit  color  television  system,  a  dual  RF  and  tethered  FO  communicaticm  link, 
required  power  source,  and  a  manipulator  arm  with  end  effector  that  uses  various  tools. 
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Rgurt  9.  RONS  Exploratory  Oavalopinaiit  Prototypa 

The  control  console  includes  the  RF  and  FO  communication  transmit  and  receive 
interface,  televisicm  di^lay  monitor,  power  ctxiverter,  and  electrcmics  for  mobile  platform 
control  and  telemetry.  The  molnle  platform  is  equipped  with  a  removable  closed-dicuit 
televisimi  camera  with  zoom  lens  (capable  of  both  color  and  low-light>level  black  and 
white),  removable  video  lighting,  RF  and  FO  communication  transmit  and  receive 
interface,  and  associated  electronics.  Hie  FO  tether  enables  system  commands  and  sensor 
data  to  be  passed  between  the  mobile  platform  and  control  console  when  RF 
communicatitMi  is  not  possible  or  not  desired.  RF  communication  may  be  racrypted  for 
security  and  safety  reastms.  All  (control,  video,  audio,  and  system  status)  data  will  be 
transferred  digitally  for  direct  digital  data  Stonge  and  processing.  A  lightweight  diesel 
engine  will  supply  power  to  operational  functions.  The  platform  is  designed  for  low 
velocity  driving  in  a  wide  spectrum  of  operatioial  environments.  The  RONS  will  be 
operable  under  bad  weather  oonditiois. 

The  RONS  UGV  will  have  a  highly  versatile  sevoi-functicHi  manipulator  equq)ped 
w^atiiaxialwiistassemUy.  The  manipulator  will  have  an  operadoial  envelope  of  6  feet 
above  die  ground,  3  feet  firom  all  edges  of  die  platform,  and  2  feet  below  ground  level  at 
die  outer  operadoial  perimeter.  Tools  can  quickly  be  changed  robotically  via  a  master 
ctmtnd.  Using  changeable  grippers,  the  manipulator  wiU  be  able  to  grasp  a  variety  of 


typical  onilnaiice/explosive  device  configurLdons.  The  tods  will  be  both  man  and  machine 
eiiq)laceable.  They  are  stored  on  the  platform  in  a  secure  holster  until  needed  by  the  arm  or 
released  by  the  operator  for  man  emplacement.  Tool  requirements  include  a  .SO  caliber 
dearmer,  rocket  and  mechanical  in^utct  wrenches,  and  various  commcm  hand  tools. 

2.  Technical  Program  Plan 

To  reduce  risk,  the  program  initially  pursued  two  acquisition  concepts:  a  system 
integration  of  NDI  conqxments  and  a  new  system  development.  The  first  was  discontinued 
due  to  the  complexity  and  cost  of  integrating  majOT  commeicial  subsystems  into  a  system 
that  only  partially  would  meet  RONS's  operational  requirement  The  sectmd  effort 
consisted  of  a  series  of  design  trade-offs  and  risk  analyses.  This  resulted  in  a  system 
design  that  makes  significant  use  of  commercially  available  components,  expldts  the 
teleoporation  technologies  recently  devel(^)ed  by  the  DoD  robotics  program,  will  meet  the 
c^xnational  requirement,  and  can  be  develcqjed  within  budgetary  constraints. 

Figure  10  shows  the  technical  road  map  of  RONS's  demonstration  and  validatimi 

phase. 
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Figure  10.  (U)  RONS-Demonstration  and  Validation  Phase  Events 
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Before  advancing  to  Milestone  n,  the  fc^wing  critical  technical  perframance 
lequiranents  must  be  demonstrated: 

•  Endurance-RONS  must  be  able  to  operate  ctmtinuously  fOT  6  hours  using  the 
diesel  engine  and  for  1  hour  relying  only  on  the  battery  system. 

•  Dimensional  Envelope-RONS  must  be  able  to  maneuver  through  a  30-inch¬ 
wide  opening  and  negotiate  turns  from  the  30-inch  opening  to  a  48-inch-wide 
hallway. 

•  Mobility/Speed-RONS  must  be  able  to  make  left  and  ri^t  90°  neutral  turns  at 
forward  speeds  up  to  3.S  mph  and  reverse  speeds  up  to  3  mph  and  to  climb 
and  descend  45°  stairs  and  a  20  foot  high,  45°  grass-covered  slope. 

•  Manipulator  PerfcHmance—RONS  must  have  a  lift  capacity  of  100  pounds  and 
all  required  EOD  manipulator  functitms  must  work  property. 

•  Remote  Ccunmand  and  Control~RONS  must  operate  with  up  to  1,000  meters 
separation  between  the  q)erator  and  the  platform. 

3.  Program  Schedule  and  Funding 

The  RONS  program  was  initiated  in  March  1990.  In  June  1991,  a  contract  was 
awarded  to  Battelle,  Pacific  Northwest  Laboratories,  Richland,  WA,  to  design,  develop, 
and  fabricate  an  advanced  development  model  (ADM).  The  functional  baseline 
configuration  was  established  in  November  1991.  Subsystem  development  is  now 
underway  with  system  integratiai  cmnmencing  m  July  1993.  The  Milestone  n  decision  for 
proceeding  into  EMD  is  plaimed  for  April  1994,  with  EMD  to  be  completed  in  FY  1998. 
Figure  11  shows  the  schedule  and  funding  by  fiscal  year  (FY  1990-FY  1998).  Currently, 
procurement  of  about  200  RONS  UGVs  is  planned. 
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E.  UGV  TECHNOLOGY  ENHANCEMENT  AND  EXPLOITATION 
(UGVTEE) 

Current  and  future  UGV  acquisition  projects  are  sui^rted  by  a  program  to  mature 
those  technologies  that  are  critical  to  the  automation  of  UGV  systems.  Presently,  this 
program  has  two  parts.  The  near-  and  mid-term  part,  DEMO  I,  focuses  on  providing  the 
mission  capabilities  and  technological  enhancement  required  for  the  TUGV  program  and 
for  the  narrower  applications  of  other  UGVs.  DEMO  I  reached  a  milestone  in  April  1992 
with  an  ambitious  series  of  demonstrations  at  Aberdeen  Proving  Ground  (APG),  MD.  The 
long-term  part,  DEMO  II,  focuses  on  artificial  intelligence  and  robotics  to  enhance 
operaticMial  ciq)ability.  DEMO  n,  now  in  its  second  year,  builds  tm  the  advances  of  DEMO 
I.  It  emphasizes  autonomous  navigation  under  battlefield  conditions,  RSTA  functitnis 
while  the  UGV  is  moving,  automated  communication  with  other  vehicles,  and  workload 
partitioning  between  vehicles  to  accomplish  mission  objectives.  Table  1  above  shows 
planned  funding  fcv  UGVTEE. 

1.  DEMO  I~Technology  for  First  Gena^ation  UGVs 

Although  teleoperatitm  has  advantages,  without  sufficient  automation  it  has  serious 
disadvanta^  tiiat  include: 

•  Overburdening  of  the  operator 

•  Precluding  multiple  vehicle  contitd  by  a  single  operator 

•  Requiring  wide  bandwidth  ocxnmunication. 

To  alleviate  these  disadvantages,  which  are  (q)erationaUy  limiting,  a  technology  thrust  was 
initiated  in  FY  1990  for  die  first  ^neraticm  UGVs. 

The  main  objective  of  DEMO  I  is  to  accelerate  the  maturatitMi  of  the  most  critical 
teleassistance  technologies  and  to  demonstrate— in  realistic  system  configurations-their 
readiness  for  acquisition  programs.  The  emphasis  is  on  reducing  operator  wcnkload.  In 
particular,  DEMO  I  has  investigated  five  technology  areas  in  order  to  provide  conqmnent 
technology  for  integration  into  the  TUGV  DEMVAL  prototype. 

•  Navigation-The  effects  of  high  and  low  data  rate  operations  on  full-time 
teleoperated  and  supervistny  control  for  day  and  night  q)erations;  autmnated 
mobility  modes  such  as  road  following,  path  retrace,  and  limited  obstacle 
detection  and  avoidance 

•  System  Control  Architecture— New  options  for  UGV  control  through 
integration  of  teleoperated  and  robotic  ocmtrol  modes 
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•  RSTA  Mission  Package-Adiqjtation  cf  gmeral  RSTA  algorithms  for  UG  V  use 
and  remote  qseration;  missum  package  performance  assessment 

•  Communication-The  relative  utility  of  various  narrow  and  wide  bandwidth 
communication  alternatives 

•  Human  Facttxrs-Erfects  of  man-machine  interface  mi  operator  wmkload  and 
performance. 

Figure  12  shows  the  overall  structure  of  DEMO  I.  Candidate  technologies  were 
identified  in  FY  1990.  This  was  followed  by  component  development,  testing  and 
evaluatimi  on  the  basis  of  which  components  were  selected  for  system  integration.  The 
DEMO  I  hardware  and  software  conqxments  are  now  operational.  Their  performance  was 
demcmstrated  to  DoD  decision  makers  and  to  the  national  robotics  RDT&E  community  28 
April  to  8  May  1992  at  APG.  The  developed  technologies  and  associated  test  and  analysis 
results  are  being  documented  to  facilitate  transfer  to  ongoing  and  future  robotics  programs. 


a.  AccMiplisliaMnta 

The  following  sectkms  describe  the  technical  achievements  DEMO  I  in  tenns  oi 
the  background,  objectives.  acc<Mq>lishments,  and  potential  applications  to  ongoing  and 
future  acquisition  programs. 

Navigation.  In  1990,  teleoperadon  required  wide  bandwidth  ccmimunication  and 
continuous  tqierator  ccmtrol  and  execution  of  all  vehicle  functions,  including  navigation  and 
driving.  Presenting  the  local  envircMunent  as  seen  by  the  UGV  sensors  to  the  operator  in 
real  time  makes  RF  communications  impractical.  Hence,  UGV  acquisition  programs, 
tended  to  rely  (hi  FO  tethered  communicatkm.  which  seriously  impedes  mobility. 

Two  sets  of  navigation  objectives  were  set  for  DEMO  I: 

•  Allow  teleoperated  driving  via  narrow  bandwidth  data  transmission  by 
develc^g  iqipropriate  data  axiqnession  and  spline  driving  techniques. 

•  Building  on  earlier  technology  base  wmrk,  introduce  auUMiomous  conduct  of 
certain  types  of  driving  such  as  path  retrace  and  retrotraverse,  road  following, 
and  limited  obstacle  detection  and  avoidance. 

Current  Status  and  Results.  The  underiying  algorithms  and  executing  software, 
including  interface  witii  senstna  and  actuates,  have  been  develq;)ed  and  demonstrated  for 
q>line  driving  and  certain  autonomous  driving  modes. 

Two  methods  of  local  spline  driving,  CARD  and  the  Feedback  Limited  CcHitrol 
System  (FELICS),  have  been  demonstrated.  CARD  was  originally  developed  for 
interplanetary  control  of  UGVs  to  overcome  omnmunication  time  delays.  Its  adaptatkm  for 
ntilitary  use  allows  the  operator  to  view  a  single  stereo  inuge  of  the  local  environment, 
review  it,  and  select  an  obstacle  free,  drivable  path  to  the  next  destinatimi  point  The  path 
instmcticms  are  relayed  to  the  UGV  as  a  serin  of  way  points  and  executed  by  the  UGV 
navigator.  When  the  destination  point  is  reached  (or  if  a  nmitraversable  obstacle  is 
encountered  in  the  programmed  path),  the  UGV  stqrs.  However,  as  long  as  the  path  is 
updated  before  the  destination  is  reached,  the  driving  is  ctmtinuous.  CARD  navigatimi  has 
demonstrated  an  accuracy  of  less  than  1  meter  over  a  100-meter  path.  CARD  also  allows 
the  UGV  to  traverse  a  path  segment  during  which  cmnmunication  is  interrupted,  if  a  high 
accuracy  map  of  that  segment  is  available.  FELICS  is  a  prc^etary  teleoperatimi  driving 
system,  in  which  the  q)erator  continously  drives  a  “puck”  on  the  screen  that  leads  the 
UGV.  Its  algorithms  have  demonstrated  dfective  driving  with  video  data  of  less  than  one 
frame  per  second  with  mininud  onboard  data  processing. 
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The  autonomous  navigation  packages  developed  in  DEMO  I  enctHnpass  road 
following,  path  retrace,  and  path  retrotraverse  with  automated  turnaround  and  backup. 
Autonomous  road  following  uses  algorithms  to  extract  road  edges  and  demarcation  lines 
hnc»n  the  navigation  camera  images  and  to  keep  the  vehicle  positioned  in  the  center  of  the 
lane.  The  speed  is  set  and  controlled  by  the  qrerator,  20  Idltxneters  (km)  per  hour  on  roads 
with  a  SO-meter  turn  radius  has  been  demcmstrated.  Path  retrace  and  retrotraverse  rely  on 
non-visual  navigation  infcmnation  collected  by  GPS  and  inertial  senscns  during  a  previous 
path  traverse  (manned  or  teleoperated).  With  this  information  the  path  can  be  traversed 
again  in  eitho’  the  forward  or  backward  direction.  In  case  of  video  ctHnmunication  loss  due 
to  terrain  conditions,  path  retrotraverse,  which  includes  autonomous  turnaround,  allows 
return  to  a  location  where  communicadtxis  can  be  reestablished. 

Current  capability  for  obstacle  detection  and  avoidance  is  limited  to  avoiding 
collisions  with  large  objects  that  appear  in  the  driving  path.  The  obstacle  is  detected  either 
acoustically  or  through  low-power  millimeter  wave  (MMW)  doppler  or  through  stereo 
vision  and  the  UGV  is  brought  to  a  stop.  It  remains  stopped  until  the  obstacle  disappears 
or  new  navigation  instructions  arrive  frcHn  the  operator. 

An  automotive  control  system  for  the  HMMWV  chassis  was  developed  with  greatly 
improved  response  time,  electric  motor  steering  actuation,  and  sensor-feedback  control  of 
acceleration  and  braking.  This  system  allows  quick  conversion  between  unmanned  and 
manned  qreration-a  requirement  for  most  UGVs. 

Application  to  Acquisition  Programs.  The  DEMO  I  navigation  algorithms  were 
developed  with  the  TUGV  iqrplication  in  mind.  They  substantially  improve  the  TUGV 
operational  navigation  capability.  Automated  return  fincHn  missicm  via  the  previously  driven 
path  frees  the  operator  for  other  tasks,  allows  recovery  of  the  FO  cable,  and  enables  the 
UGV  to  return  when  communication  is  severed.  With  path  retracing,  a  previously  driven 
route  can  be  repeatedly  traversed  without  an  operator,  and  tasks,  such  as  laying  a  smoke 
screen  where  visibility  is  poor,  can  be  executed.  Spline  driving  permits  die  use  of  wireless 
tactical  ctnmnunicatitMis  (SINCGARS)  as  a  video  link  for  teleoperated  driving  and  thereby 
increases  the  batdefield  mobility  of  the  UGV. 

DEMO  I  navigatitHi  technologies  can  also  be  tailored  to  other  UGV  applications. 
Because  RONS  will  be  transported  close  to  an  EOD  site  and  then  driven  slowly  to  the 
actual  EOD  site,  wide  bandwidth  communication  and  teleoperational  control  can  always  be 
assured,  even  in  buildings.  Hence,  the  operational  need  for  teleassisted  navigation 
technologies  is  minor.  Howevo*,  autonomous  path  retrace  and  retrotraverse  software  may 


be  incoiponited  into  the  RONS  OCU  lo  bring  the  UGV  back  after  coiqjl^icMi  ai  its  EOD 
mission,  thereby  reducing  c^)erator  buidai. 

In  contrast,  operational  requirements  for  RRR  emphasize  robotic  levels  of 
autcmomy.  Because  the  RRR  mission  is  conHned  to  airfields,  precise  navigational 
information  can  be  acquired  before  the  RRR's  employment.  DEMO  I  navigation 
technologies  can  be  cmnbined  into  a  navigation  network  that  uses  rote  robotic  driving  with 
intermittent  human  oversight  to  guide  the  RRR  to  any  spot  on  the  airfield.  Pathways  may 
either  be  preselected  or  controlled  by  the  operator.  Implementation  of  this  approach 
requires  some  modifications  of  the  technology  packages  to  increase  their  versatility,  e.g., 
autonomous  path  retrace  and  retrotraverse  with  the  additional  ability  oi  driving  widi  parallel 
offsets  to  the  reference  path  and  of  going  around  readily  recognizable  obstacles  such  as 
aircraft  or  vehicles. 

The  navigational  context  for  UGV  applications  to  environmental  restoration  and  to 
exterior  physical  security  (see  Section  F  below)  could  be  quite  similar  to  that  of  RRR.  Fot 
physical  security,  informadon  on  all  patrol  paths  can  be  collected  in  advance  and  various 
DEMO  I  technologies  synthesized  to  achieve  highly  automated  navigation.  Path 
randomization  might  be  required  but  should  not  be  difHcult.  However,  in  some 
applications  the  UGV  will  be  required  to  operate  in  traffic  and  obey  traffic  laws. 
Automation  of  this  type  of  operatim  is  being  developed  in  DEMO  n  but  is  not  yet  ready  fexr 
applicatitxi. 

System  Control  Architecture.  A  real-time  control  system  (RCS)  architecture 
whose  prior  evolution  includes  application  to  industrial  robots  and  space  exploration 
systems  and  successful  adaptation  to  various  UGV  programs  was  selected  for  the  DoD 
robotics  program.  This  RCS  architecture  controls  all  vehicle  mobility  and  payload 
functions  and  coordinates  the  operations  of  all  subsystems  on  the  UGV  including 
cmnmunication  with  the  operator  control  station.  RCS  is  judged  to  be  the  best  candidate 
because  of  its  hierarchical  functional  structure  and  demonstrated  perfcmnance.  Moreover, 
under  the  coordination  of  NIST,  the  RCS  architecture  has  gradually  evolved  into  a  narinnal, 
standardized  system  control  architecture  for  robotics. 

The  objective  is  to  adapt  the  RCS  architecture  for  Erst  generation  UGVs,  which 
require  a  control  architecture  merging  teleoperation  and  supervisory  control. 

Current  Status  and  Results.  Through  collaboration  with  NIST,  a  supervisory 
control  architecture  for  UGVs  is  now  available  that  integrates  system  subfunctions 
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<q)eniting  at  widely  different  levels  of  autonomy,  pure  teleoperation  to  pure  subfunction 
auttmomy,  and  that  is  transparent  to  the  operator.  (Extension  of  the  RCS  to  UGVs  that 
operate  mcne  autononmisly  in  a  batttefield  environment  is  included  in  DEMO  IL) 

Application  to  Acquisition  Programs.  This  RC^  architecture  is  being  in^lemented 
in  the  TUGV  and  RRR  and  is  intended  ftn-  use  in  new  DoD  UGV  develqxnems. 

RSTA  Mission  Package.  The  UGV  program  is  using  sensors  developed  for 
other  applications.  For  the  RSTA  mission,  suitable  algorithms  and  software  for  sensOT  and 
weipon  ccmtrd  and  for  aided  target  recognition  and  acquisititm  were  not  available  in  1990. 
However,  previous  wwk  in  automatic  target  recognition  and  automatic  target  cueing 
(ATR/ATQ  fOT  manned  systems  provided  a  foundation. 

DEMO  I  was  given  two  RSTA  objectives  to  be  met  within  the  TUGV  program  time 
ctxistraint' 


•  Provide  an  ATR/ATC  capability  diat  sujports  teleassisted  RSTA  for  the  TUGV 

•  Develq)  an  operator  controlled,  autmnatic  target  tracking  and  weapon  aiming 
opability  and  verify  the  algorithms  and  software  using  a  laser  designator. 

Current  Status  and  Results.  A  RSTA  missicm  module  was  developed  and  fully 
integrated  into  the  UGV  architecture.  It  incorporates: 

•  Passive  sensors— Imaging  black  and  white  TV  and  3  to  5  micron  FLIR  with 
electronic  panAilt  control  and  an  acoustic  sensor  array. 

•  A  laser  range  finder  fOT  measuring  distances. 

•  A  turret  control  system  for  pointing  an  effectOT,  e.g.,  laser  designator  or  direct 
fire  weapon,  at  the  centroid  of  an  object  with  an  accuracy  of  0.1  milliradian 
(mrad). 

•  Video  processing  for  ATR/ATC  that  computationally  stabilizes  the  .mage, 
preprocesses  the  data,  detects  scene  changes  caused  by  otiyect  motion,  extracts 
the  reject  fiom  the  scene,  determines  its  characteristics,  compares  these  with 
target  files  for  identification,  and  brings  the  result  to  dre  operator’s  attentkxL  A 
similar  package  exists  for  the  acoustic  sensor  array  allowing  detection, 
classification,  and  determination  of  directxHi  of  acoustic  sources. 

•  Software  that  tracks  moving  targets  and,  after  operator  authorization,  performs 
effectOT  aiming  and  firing. 
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All  of  these  ciqnbilities  were  demonstrated  in  DEMO  I. 


Application  to  Acquisition  Proems.  The  primary  appUcadon  of  the  advances  in 
RSTA  automation  achieved  in  DEMO  I  is  to  the  TUGV.  Though  rudimentary  in 
comparison  to  human  capabilities  ot  to  the  potential  of  mme  advanced  algorithms  operating 
on  high  performance  computers,  the  DEMO  I  algorithms  provide  an  important 
in^novement  in  automation  compared  to  current  maimed  vehicles.  Hence,  they  will  reduce 
operator  woridoad  significantly  in  conducting  the  TUGV  RSTA  mission. 

The  RSTA  technology  is  potentially  applicable  to  a  variety  of  surveillance 
ai^lications  such  as  physical  security  and  border  control  In  these  applications,  the  effector 
technology  may  also  be  applicable  depending  on  the  requirements  for  system  response  to 
intrusion. 

Communication.  Unassisted  teleoperation  plac'' ;  a  significant  requirement  on 
the  capacity  of  the  communication  system.  FO  and  wide  bandwidth  RF  are  used 
extensively  to  transmit  video  in  real  time.  Narrow  bandwidth  RF  can  also  be  used  for 
video  transmission  but  at  a  much  lower  data  transfer  rate.  Each  of  these  technologies  has 
significant  limitations  for  military  operations  that  usually  require  low  detectability, 
robustness  against  countermeasures,  security  of  information  exchange,  timeliness  of 
transmission,  NLOS  capability,  unrestricted  force  mobility,  and,  for  RF,  shared  use  of 
allocated  frequency  bands. 

FO  communication  satisfies  these  requirements  except  that,  for  general  tactical 
UGV  applications,  it  impedes  force  mobility  because  of  die  FO  umbilical  cord.  This  is  less 
imptmant  for  some  specialized  mission  tasks.  Greater  ruggedness  of  the  FO  cable  and 
development  of  an  onboard  cable  retrieval  system  are  needed  to  adapt  FO  technology  to 
batdefield  use. 

Wide  bandwidth  RF  communication  is  free  from  physical  tethers  and  provides  good 
quality,  video  transmission.  Line-of-sight  (LOS)  restrictions,  vulnerability/security,  and 
overcrowding  of  frequency  bands  are  major  drawbacks  of  wide  bandwidth  RF 
communication  for  TUGVs.  Narrow  bandwidth  RF  cmnmunicatitm,  such  as  the  already 
fielded  Single  Channel,  Ground/Air  Radio  System  (SINCXIARS),  ameliorates  these 
problems,  but  its  drawback  is  low  data  transfer  rate. 

Three  ccxnmunication  objectives  for  DEMO  1  were  established; 

•  Improve  the  battlefield  survivability  of  FO  cables  and  develop  a  FO  cable 
rewind  aqiability 
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•  Continue  to  develop  a  directional  wide  bandwidth  RF  data  transmission  system 
fcv  muld-vehicle  communication 

•  Develop  an  image  ctxnpressionAransmitAestoration  capability  that  can  be  used 
for  teleoperation  of  TUG  Vs  via  low  data  rate,  narrow  bandwidth  RF  links. 

Current  Status  and  Results.  The  FO  task  was  completed  in  1991,  resulting  in  a 
more  rugged  FO  cable  and  a  cable  deploy  and  retrieve  mechanism  that  satisfies  the  STV  and 
TUGV  operatitmal  needs. 

A  multi-vehicle  ctMiimunication  system  and  an  associated  mobile  command,  control, 
and  communication  (C3)  center  have  been  developed.  The  C3  center  is  equipped  with  a 
directional  nucrowave  (MW)  antenna  system  for  receiving  stereo  video  and  other  UGV 
data;  an  RF  transmitter  system  for  control  of  the  UGVs;  and  a  switching  network  for  the 
various  transmit  and  receive  channels.  Each  UGV  has  an  onmidirectional  antenna  for 
receiving  control  instructions  and  a  directicmal  transmit  antenna  that  is  electrcxiically  steered 
to  point  at  the  C3  center,  using  the  command  link  to  track  the  C3  center.  The  system 
provides  16  simultaneous  links.  Up  to  four  UGVs  may  be  linked  to  and  automatically 
tracked  by  one  C3  center.  Directional  video  data  are  transmitted  in  the  gigahertz  (gHz) 
finequency  band,  thereby  avoiding  the  congested  lower  frequency  bands.  Also,  the  use  of 
low-power  directional  transmitters  facilitates  concurrent  operation  of  nearby  systems 
without  mutual  interference.  Compared  to  a  tethered  UGV  system,  this  communication 
concept  is  very  mobile,  but  it  requires  LOS  between  UGVs  and  the  C3  center. 
Incorporation  of  SINCGARS  is  planned  for  NLOS  communication. 

DEMO  I  has  emphasized  communication  technologies  for  teleoperated  driving  using 
narrow  bandwidth  data  transmission.  This  includes  a  robust  video  image  compression  and 
restoration  technique  to  allow  use  of  SINCGARS  radios  and  to  achieve  accq>table  operator 
performance  despite  the  loss  of  video  information.  The  SINCGARS  radio  can  transmit  16 
kilobits  per  second  (kbps),  which  necessitates  a  compression  of  about  4,000:1  for  a 
standard  30  frames  per  second  black  and  white  video,  and  significantly  higher  compression 
ratios  for  color  and  stereo  color  TV. 

There  are  a  variety  of  ways  to  sacrifrce  image  quality.  DEMO  I  work  led  to  a 
software  and  hardware  package  for  video  compression  and  deconpression  that  achieves  a 
data  compression  of  4,000:1.  This  package-developed  at  the  Oak  Ridge  National 
Laboratory  (ORNL)— incorporates  the  decomposition  of  the  image  into  spatial-frequency 
bands  with  variable  degradation/compression  factors;  foveation  to  concentrate  the  best 
image  quality  at  the  center  of  the  operator’s  field  of  view  with  greater  degradation  in 
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perqrfieral  areas;  and  image  simulation  to  smooth  interfirame  discontinuity  due  to  frame  rate 
reduction.  Results  of  human  respcHise  testing  are  very  encouraging. 

Applicarion  to  Acouisirion  Programs.  Any  battlefield  communication  system  for 
UGVs  will  involve  important  trade-offs  and  compromises.  FO  communication  is  mature 
and  offers  advantages  in  capacity  and  security  for  the  TUGV  application.  The  associated 
mobility  penalty  can  be  ameliorated,  to  some  extent,  through  a  backup  RF  system  and 
algoridims  for  specialized  autonomous  driving  modes. 

The  other  DEMO  I  communication  efforts  have  signiflcantly  advanced  the 
technology  base.  Localized  use  of  directional,  wide  bandwidth  communication  has 
potential  {^plication  to  the  TUGV,  RRR,  and  other  UGVs,  as  well  as  to  manned  systems. 

Narrow  band  communication  based  on  image  compressionAestoration  is  likely  to 
become  the  primary  system  for  battlefield  use.  This  capability  will  be  pursued  by 
advancing  communication  technology  and  by  developing  greater  levels  of  UG  V  autonomy 
in  DEMO  n,  thereby  reducing  communication  requirements.  For  example,  algorithm 
enhancement  for  transmission  of  color  and  stereo  video  and  hardware  improvement  for 
easier  integration  into  UGVs  and  OCUs  are  necessary. 

Human  Factors/Man-Machine  Interface.  Recognizing  that  the  first 
generation  of  UGVs  will  be  controlled  primarily  through  teleoperation,  the  human  factcv 
component  of  DEMO  I  was  focused  specifically  on  facilitating  the  introduction  of 
teleassistance  and  on  providing  human  engineering  design  infomiation  to  support  UGV 
development  decisions.  In  a  general  sense,  the  entire  DEMO  I  effort  has  been  concerned 
with  the  interaction  and  division  of  labor  between  die  t^ierator  and  the  UGV. 

Three  human  factorsAnan-machine  interface  objectives  were  emphasized  for 
DEMOL 

•  Evaluate  the  effect  of  camera  position,  field-of-view  (FOV),  monochrome 
versus  color  images,  single  camera  versus  stereo  images,  and  wide  versus 
narrow  bandwidth  RF  image  transmission  of  the  navigation  and  RSTA 
imagery  on  the  perceptual  performance  of  the  remote  human  operator,  with 
en^hasis  tm  tactical  military  tqiplicatitm 

•  Evaluate,  with  respect  to  operatOT  performance,  the  man-machine  interface  of 
candidate  operator  display  arrangement  and  formats  for  navigation  and  RSTA 
mission  control 

•  Develop  algorithms  and  associated  software  to  ease  operator  burden  in 
planning  and  executing  the  TUGV  mission. 
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Current  Status  and  Results.  The  man-machine  hardware  and  software  packages 
developed  by  DEMO  I  are  operator  fnendly  and  considerably  reduce  the  human  stress  of 
remotely  controlling  UGVs,  compared  to  the  pure  teleopeiadon.  Their  capabilities  were 
demonstrated  at  APG,  employing  three  OCU  breadboard  con^gurations-a  table  top 
controller,  a  UGV  ctmtrol  testbed  (UGVCT),  the  Jet  Propulsion  Laboratory  (JPL)  trailer 
controller  and  the  FELICS  controller. 

•  The  table  top  controller  consists  of  three  interconnected  modules;  a  suitcase 
controller  for  driving;  a  SPARC  station  and  monitor  for  mission  module 
control,  combat  information  processing,  and  video  display;  and  the  low  data 
rate  video  system  and  radio.  It  allows  an  operator  to  drive  one  UGV  under 
teleoperation  control  while  concurrently  monitoring  the  autonomous  RSTA 
mission  function  of  another  UGV  or  to  monitcn’  two  vehicles  while  they  are  in 
the  RSTA  mode. 

•  The  UGVCT  is  a  mobile  C3  center.  The  OCU  system  is  mounted  on  an 
armored  vehicle  chassis  and  communicates  with  the  UGVs  through  the  multi¬ 
vehicle  communications  system.  It  allows  simultaneous  control  of  up  to  four 
UGVs,  employing  three  operates.  It  has  been  designed  for  flexibility  and 
adaptability  to  incorporate  UGVs  with  increasing  robotic  capabilities.  In  the 
APG  demonstration,  the  UGVCT  was  used  in  a  stationary  mode  to  control 
three  vehicles  simultaneously. 

•  The  JPL  trailer  controller  was  used  to  demonstrate  an  oihanced  CARD  package 
with  improved  stereo  display  and  operator  interface  that  allows  longo*  path 
length  and  faster  path  completion.  This  was  accomplished  using  a 
SINCGARS  radio  communication  link. 

•  The  FELICS  controller  demonstrated  the  reduction  in  operator  burden 
communication  requirements  that  teleassisted  operations  can  provide.  FELICS 
permits  the  operator  to  remotely  control  the  MBU  by  merely  steering  (via  a 
joystick)  an  icon  superimposed  on  his  video  display.  The  vehicle  was 
effectively  controlled  with  only  txie  video  frame  every  3  seconds. 

•  The  developed  software  includes  interactive  route  planning  algorithms  that 
allow  the  operator  to  derive  drivable  paths  for  four  UGVs  and  the  UGVCTT. 
These  paths  guide  the  actual  driving. 

Application  to  Acquisition  Programs.  Although  focused  cm  providing  information 
and  tools  for  the  TUGV  to  facilitate  effective  man-machine  design,  the  results  of  DEMO  I 
are  widely  applicable  to  other  UGV  programs.  Results  pertaining  to  UGV  and  OCU 
design  qptitruzation  were  transmitted  to  the  UGV  JPO  as  they  became  available.  Their 
documentation  for  broad  distribution  is  in  progress. 
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b.  Summary 

Important  advances  were  achieved  and  denaonstrated  in  each  of  the  five  areas  of 
navigation,  control  architecture,  RSTA,  communications,  and  human  factors.  These 
advances  establish  the  foundation  for  a  first  generation  TUGV  that  relieves  the  qaerator  of  a 
substantial  portion  of  the  workload  required  for  pure  teleoperation.  For  systems  that 
(q)erate  in  predetermined  environments,  such  as  RRR  and  exterior  physical  security  UGVs, 
the  combination  of  DEMO  I  advances  can  result  in  a  high  level  of  autcmomy. 

Finally,  in  addition  to  its  substantive  achievements,  DEMO  I  adapted  existing 
equipment,  test  courses,  and  expertise  to  establish  facilities  for  testing  UGVs.  They 
provide  a  readily  available  infrastructure  for  diagnostic  and  performance  tests  and  for  the 
comparison  of  manned  and  unmanned  vehicles  tm  standardized  test  courses. 

2.  DEMO  II— Supervised  Autonomous  Navigation  for  UGVs 

The  purpose  of  DEMO  11  is  to  develop  those  technologies  that  are  critical  to 
evolving  UGVs  from  labor  intensive  teleoperadon  to  supervised  autonomy.  DEMO  n  is 
exploiting  emerging  hardware  and  software  advances  in  passive  and  active  sensing, 
autonomous  navigation,  RSTA  while  driving,  high  performance  computing,  and  adaptive 
communication  with  the  goal  of  demonstrating  their  maturiQr  for  acquisition  programs  of 
seccmd  generation  UGVs  by  1993.  The  technology  development  and  demonstrations  for 
DEMO  n  will  be  done  mainly  on  HMMWVs.  DEMO  n  is  a  four-phase  effort,  each  of 
which  successively  demonstrates  increased  complexity  and  autonomy  of  UG V  systems. 
(See  Figure  14  for  Program  Overview.) 

DEMO  n  is  now  in  phase  1.  This  phase  integrates  the  required  mechanical  and 
electrical  components,  automotive  controls,  color  and  infrared  visual  sensors,  GPS,  inertial 
navigation  system  (INS),  odometry,  and  intervehicle  communication.  It  provides  for 
verification  of  essential  navigation  “behavicns,”  including  the  basic  mobility  functions  of 
accurate  positioning  and  semiautonomous  path  following.  After  phase  1,  the  vehicles  built 
fOT  DEMO  n  wiU  be  denoted  as  Surrogate  Semiautonomous  Vehicles  (SSVs). 

Phase  2  will  integrate  basic  mip  management  functions,  single  vehicle  mission 
planning,  off-toad  and  on-road  senuautonomous  navigation,  high-speed  capability, 
landmark  detection  and  identification,  and  rudimentary  behaviors  for  following  rules  on  the 
toad. 


35 


FYQI  I 


FYQ2  I 


FY93 


FYM  [ 


FY85  I 


MpgraiM  Map  Managwiwnt' 
Bulking  Syatam 
MuM-VaNda  Control  Unit 
Mlaalon  Planning  Subayatam 


MapMgtSyatam 
Off-Rd  Auto  Nav 
On<Road  Auto  Nav 


Nav  Paicaplion  Subayatam 


Sanaora 
Patti  FoOowing 
RoadFblowing 


Multipla  Vahielaa 

Coordkiatad 

Bahavior 


Robuat  Singla-VahidaX 
Aulonomoua  Opaiation 
On-  and  Ofl-Roiad 
Landmark  Position  Updata 


Maehanlcal  &  Elactronica  Intagratad 
GPS/INSAAaion  Path  Following 
kitorvaNda  Communications 


»  ~  ■ 

I^Intarmad^^ta^mMM^or^^l 


Figure  14.  DEMO  ll-Program  Ovtrview 

Phase  3  will  integrate  multiple  vehicle  ctmtrol  from  a  man-portable  operator  control 
unit,  using  an  updated  map  management  and  mr^  building  subsystem.  It  will  demonstrate 
this  control  with  two  vehicles  executing  coonlinated,  semiautonomous  navigation. 

Phase  4  will  culminate  in  DEMO  Il-the  second  DoD  joint  UGV  demonstraticm- 
which  is  planned  for  the  summer  of  1995.  This  phase  will  add  an  automated  RSTA 
subsystem  and  a  multiple  vehicle  mission  subsystem.  With  this  capability  a  single  control 
unit  will  be  able  to  operate  a  team  of  four  UGVs  as  a  screening  force.  Supervised 
autonmny  of  SSVs  operating  collaboradvely  will  be  demonstrated  in  both  offensive  and 
defensive  scenarios. 

DEMO  n  is  relying  on  relevant  artificial  intelligence  and  robotic  technologies  being 
develq)ed  at  universities  for  UGV  qrplications.  To  transition  these  technologies  to  the 
Services  and  to  establish  a  strong  industrial  R&D  base,  each  phase  is  conducted  in  two 
steps:  first,  the  individual  technology  teams  integrate  the  technologies  into  breadboards  at 
regional  sites.  After  the  validation  of  the  breadboard  designs,  the  industry  system 
integrator  is  re^nsible  for  brassboard  system  integration  on  the  SSVs.  As  part  of  this 
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process,  quarteriy  woikshq>s  bring  together  all  program  constituents  to  review  work  dcme, 
resolve  iHX>blems,  coordinate  the  work  to  be  done,  and  adjust  the  program. 

Critical  capabilities  for  highly  autonomous  UGVs  were  identiAed  at  the  start  of 
DEMO  n.  Technological  approaches  were  selected  competitively.  In  some  areas,  multiple 
sources  were  selected  to  reduce  risk  and  provide  technology  and  cost  alternatives.  The 
following  paragraphs  describe  these  approaches  in  six  areas:  system  architecture, 
navigation,  RSTA,  high  performance  computing,  communications,  and  command  and 
control. 

a.  System  Architecture 

The  architecture  must  encompass  the  total  system:  UGVs,  their  communication 
links,  and  the  supervisory  command  and  control.  The  architecture  must  handle  all  missicm 
functions  from  highly  symbolic  nussion  planning  down  to  pixel  level  processing.  The 
required  architecture  has  been  established  and  is  an  extension  of  the  NIST  RCS 
architecture,  with  adjustments  to  accommodate  advanced  robotic  approaches  and 
partitioning  between  navigation  and  RSTA.  All  tedmologies  going  into  DEMO  II  are  being 
developed  for  this  architecture.  (See  Figure  IS.) 

The  architecture  has  tiiree  hierarchical  layers: 

•  The  global  action  layer  contains  the  “cognitive**  functions  such  as 
object/target/landmark  recognition  and  route/path/activity  planning  during 
mission  executicm. 

•  The  local  action  layer  contains  the  immadiate  behavioral  and  decision  elements 
that  cany  out  the  planning  in  acccndance  with  the  guidelines  and  constraints 
from  the  global  action  layer.  Local  action  is  based  on  sensor-derived 
information. 

•  The  control  layer  contains  all  “autonomic**  functions  of  the  system  including 
the  highest  rate  elements  (e.g.,  servo  loop  closures  and  compensaticHis). 
Processes  in  this  layer  tend  to  q)erate  synchronously. 
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Asynchronous 

•  Exocutivs 

•  Mobility  Systems 

•  Map/Objsct  Managsment 

•  knaga  Piocassing 

•  RF  Communications 

•  System  Support 


Synduonous 

•  Vahida  Control 

•  Location  System 

•  Nav  Sansor  Control 

•  RSTA  Sansor  Controi 


Effactor  &  Mobility  Contiols 


Control  Layar 


Figura  15.  SSV  Top-Lgygl  Architecture 


b.  Autonomous  Navigation 

Figure  16  shows  a  flow  diagram  of  the  autonomous  navigation  fiinctimis  being 
sought  in  second  generation  UGVs.  (This  figure  omits  the  supervisory  role  of  the  operator 
who  can  monitor  navigation  performance  and  can  intervene  at  any  time  or  when  requested 
by  the  UGV  system.)  The  left  colurtm  refers  to  global  planning  functions.  The  right 
cdumns  refer  to  en  route  navigation  and  driving  functions. 
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miMion  a  P«h 
Planning 


En  Roma  Navigalion 


Figura  16.  Autonomous  Navigation  Functions 

The  navigatkm  segment  of  mission  planning  translates  infonnadon  on  the  missicm, 
canognq)hic  data,  the  location  of  friends  and  foes,  and  military  control  measures  into  an 
approximate,  diivable  path  for  one  m  multiple  UGVs.  In  additimi  to  this  “fiizzy”  padi  on  a 
digital  terrain  map,  the  plan  includes  essential  acticms  and  objectives;  decision  strategies; 
ctmtingent  actions  for  unplanned  events  (e.g.,  cueing  supervisor’s  attention);  and 
interaction  between  cooperative  UGVs.  The  plan  takes  advantage  of  terrain  and  vegetation 
to  mask  UGV  movement  The  plamting  algorithms  are  intended  for  iterative  use,  with  the 
human  (^>erator  revising  and  supplementing  the  initial  plan  by  interacting  with  the 
algorithms.  The  operatitmal  executicm  of  this  path  plan  is  ccmtroUed  in  the  global  layer  of 
tiieaidiitecture. 

Once  the  UGV  begins  to  traverse  the  planned  path,  autonomous  navigation 
functitms  depend  on  sensor  inputs,  image  procesang,  and  AI  algorithms  to  ascertain  and 
characterize  the  local  environment  This  incluttes  local  three-dimmsional  map  generation 
from  stereo  vision  and/or  interfercmietty;  object  and  scene  identification;  landmark 
recognition;  and  global  and  local  map  merging  to  upgrade  tiie  terrain  map  and  determine 
vehicle  location  and  orientation. 


Local  path  planning  uses  the  terrain  nuip,  the  sensed  environment  vehicle  positicm, 
and  planning  constraints.  Driving  algoriduns  include: 

•  Neural  network  and  feature-based  road  following  that  allows  the  vehicle  to 
travel  on  truiltilane  paved  highways,  gravel  toads  and  jeep  trails,  to  traverse 
intersections,  and  to  recognize  toad  branches 
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•  Road  and  cross-country  navigation  based  on  “fuzzy  route  driving”  instructkxis 
with  position  provided  by  GPS  receivers,  inertial  measurement,  odcmietiy,  and 
landnoaik  recognition 

•  Obstacle  avoidance 

•  Adjustment  of  the  local  path  plan  u>  terrain,  visibility,  path  surface  condition, 
automotive  and  dynamic  constraints,  and  limitations  on  concurrent  processing 
for  navigation  and  RSTA  functions. 

The  DEMO  II  navigation  sensor  package  for  acquiring  the  local  environment 
consists  of  a  stereo  pair  of  color  cameras,  a  stereo  image  IR  sensor,  and  a  ladar.  Since 
military  vehicles  require  stealth  and  low  emissicm  observability,  one  focus  of  DEMO  n  is 
(Ml  real-time  stereo  visicm  perception  and  stereo  image  analysis  that  overcomes  current 
limitatitMis  in  the  use  of  stereo  vision.  The  objective  is  to  develop  algorithms  fcM  passive 
sensing  of  the  IcKal  three-dimensional  (3-D)  environment  for  navigaticMi  and  obstacle 
avoidance.  Algcxithms  developed  for  the  visible  part  of  the  electro-t^tical  spectrum  will  be 
extended  to  the  infrared.  The  ladar  provides  a  secondary  3-D  imaging  capability  that  can  be 
used  either  as  a  backup  (m*  in  a  hybrid  arrangement  with  stereo  visicMi  to  resolve  ambiguities 
and  refine  the  spatial  resolution  of  critical  secti(Mis  of  the  path  ahead. 

The  local  navigation  instructions  are  inqilemented  through  the  effector  and  mobility 
ccMitrols.  This  includes  control  of  sensor  (xi/off,  pan  and  tilt,  lens  and  camera  adjustments, 
driving  and  other  automotive  functions,  manipulators,  safety  features,  and  authority 
limiters. 

c.  Reconnaissance,  Surveillance,  and  Target  Acquisition  (RSTA) 

If  UGVs  are  to  conduct  RSTA  autonomously,  both  the  extraction  of  the  relevant 
information  frinn  sensors  signals  and  the  decision  making  process  must  be  automated. 
DoD  has  been  investing  heavily  in  image  processing  and  automated  target  recognition  and 
the  trustwcMthiness  of  the  extracted  infcMination  and  the  decisions  that  locate  and  identify 
potential  threats  is  increasing  steadily. 

DEMO  n  is  adapting  those  alg(Mithtns  that  ate  most  suited  for  meshing  RSTA  and 
navigation  functions  to  allow  coordinated  processing  of  signals  from  the  optical  sens(n^ 
and  adaptive  partitioning  of  the  navigation  and  RSTA  processing  wcnkload  based  (mi  the 
i(XMd  situaticHi.  This  will  provide  RSTA  while  on  the  move.  Accomplishing  this  difficult 
task  depends  on  the  piocess(M‘  configuration,  capacity,  and  throughput  that  will  be  realized 
the  Federal  hi^  perftMmance  computing  program. 
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d.  High  Performance  Computing 

DoD  has  an  ongoing  R&D  program  to  devel<^  a  succession  of  prototypes  of  high 
performance  computing  systems  and  associated  software  and  algorithms  for  military 
triplications.  These  systems  are  develc^ied  with  progressively  larger  scale,  mcMe  advanced 
components,  more  dense  packaging,  and  more  advanced  architecture.  DEMO  n  will  use 
the  latest  prototype  that  is  suited  for  UGV  applications.  Phase  3  will  include  evaluation  of 
the  comparative  merits  of  two  emerging  scalable  parallel  processors-the  Intel/CMU  iWaip 
and  the  Hughes/University  of  Massachusetts  Image  Understanding  Architecture  (lUA).  A 
first  generation  iWaip  is  already  operating  on  NAVLAB-II  (Figure  17)  at  Carnegie  Mellon 
University  in  support  of  this  program  since  autumn  of  1991.  Also,  a  first  generation  lUA 
has  been  operating  at  the  University  of  Massachusetts  since  the  beginning  of  this  year. 


Figure  17.  NAVLAB-II 
e.  Communication  Link 

DEMO  n  will  use  RF  communication  hardware  and  software  derived  from  DEMO 
I,  in  particular  data  compression  algorithms,  ro  link  UGVs  with  each  other  and  with  the 
remote  supervisor.  These  links  may  be  direa  or  indirect  depending  on  the  situation.  For 
example,  to  route  the  line-of-aght  signal  path  around  terrain  obstacles,  the  UGVs  will  form 
a  communication  chain.  Architecture  and  software  algmithms  fra:  low  signature,  secure 
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communications  will  be  demonstrated  either  with  the  Packet  Radio  or,  if  available,  with  an 
off-the-shelf,  auto^ldng,  narrow-beam  system. 

f.  Command  and  Control 

All  command  and  control  oversight  functions  will  be  conducted  through  an  OCU. 
It  will  have  a  simulated  display  of  the  area  of  interest,  with  direct  video  overlays  from  the 
sensors.  The  OCU  will  also  have  a  planning  software  system  with  algorithms  that 
establish  mission  and  path  plans  for  the  individual  UGV  using  digital  terrain  and 
environment  maps,  and  battlefield  intelligence.  These  plans  are  downloaded  to  the 
individual  vehicles  for  mission  execution.  During  the  execution,  each  of  the  vehicles 
interacts  with  the  OCU,  providing  status  feedback  to  the  q)eratar. 

F.  POTENTIAL  UGV  ACQUISITION  PROGRAMS 

Except  in  this  section,  the  UG  VMP  describes  only  ongoing  robotics  projects.  This 
section  briefly  discusses  two  potential  new  robotics  projects  for  which  tiiere  are  immediate 
needs  and  which  are  realizable  with  demonstrated  technology.  The  first  is  concerned  witii 
exterior  physical  security,  the  second  with  environmental  restcnation.  These  two  areas 
have  been  selected  for  active  investigation. 

1.  Mobile  Detection  Assessment  Response  System-Exterior  (MDARS-E) 

Current  physical  security  surveillance  and  enforcemrat  (PSS&E)  equipment  and 
methods  have  serious  shortcomings.  They  rely  on  human  assessment  and  re^nse,  which 
is  labor  intensive  and  exposes  personnel  to  threatening  situations.  Performance  of 
mcmotonous  PSS&E  functions  is  highly  variable  and  depends  chi  such  factors  as  boredom, 
fatigue,  and  conscientiousness. 

As  early  as  1985,  an  (q>erational  and  organizational  plan  for  a  robotic  security 
system  for  fixed  nuclear  and  chemical  stcxage  sites  was  iq>ptDved.  In  1989,  a  program  for 
a  mobile  detecticm  assessment  respcmse  system  (MDARS)  was  initiated.  Riase  1  of  this 
program  has  been  concerned  with  interim  physical  security  surveillance  and  enfcncement 
The  exterior  component  (MDARS-E)  of  the  program  is  included  in  phase  2  and  is  just 
beginning. 

The  MDARS-E  system  must  be  capable— under  the  supervision  of  a  remote 
qperator-of  auttxionoously  ccmducting  randmn  survdllance  patrols  under  day,  night,  and 
all-weather  conditions,  responding  to  security  alarm  signals,  detecting  and  deterring 
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intruders,  and  performing  barrier  assessment  and  product  loss  detection.  It  must 
substantially  reduce  manpower  while  providing  DoD  security  and  law  enfOTcement  units 
with  a  disability  that  is  at  least  as  good  as  cunent  manpower  intensive  PSS&E. 

Because  of  the  robotic  aspects  of  MDARS-E,  the  OUSD(A)/TS  and  the  DoD 
Physical  Securi^  Equipment  Management  Office  (PSEMO)  plan  to  suppcm  the  advanced 
system  development  jointly.  OSD  program  funds  will  be  used  for  robotics  coiiixments. 
MDARS-E  development  can  take  advantage  of  the  teleassistance  technologies  that  have 
been  developed  by  DEMO  I  and.  possibly,  early  spin-offs  of  supervised  robotic 
technologies  that  are  being  developed  by  DEMO  R  The  well-defined,  closed  environment 
in  which  MDARS-E  will  operate  and  its  relatively  rote  robotics  perfoimance  requirements 
make  automation  of  many  functions  feasible. 

The  current  MDARS-E  concept  is  based  on  the  use  of  a  military  all-terrain  vehicle 
that  is  common  to  the  Services  (e.g.,  the  HMMWV);  highly  modular  system  components 
integrated  into  a  NIST  RCS  architecture/control  system;  utilization  of  components  and 
technologies  developed  by  SANDIA  for  PSS&E  and  by  the  OSD  robotics  program;  and 
wireless  RF  ccKnmunicadon  between  the  MDARS  platforms  and  the  supervisory  command 
and  control  post 

2 .  Environmental  Restoration 

Both  DoD  and  DoE  face  major  cleanup  and  restoratitxi  tasks.  The  problem  has 
beat  highlighted  by  the  process  of  base  closings  and  facility  retirements  now  underway.  In 
addition  to  toxic  wastes,  many  of  our  military  sites  are  cluttered  with  weapon  debris, 
including  munitions,  whose  locations  are  only  vaguely  known.  Determining  the  type  and 
extent  of  contamination  and  performing  the  required  restoration  are  time  consuming, 
expensive,  and  risky  to  life  and  health.  Requisite  q)ecial  suits,  equipment,  and  procedures 
increase  labor  costs  and  do  not  coiiq}letely  eliminate  the  risks.  Environmental  restoration 
will  require  large  resources  over  many  years.  Diligrat  use  of  robotics  will  help  to  contain 
cost  and  assure  safety. 

Because  many  environmental  tasks  are  performed  in  a  ccmfined  environment, 
current  and  emerging  robotic  technologies  will  suppOTt  the  development  of  highly  capable 
and  autonomous  UGVs  for  environmental  assessment  and  restoration.  A  central  data 
processing  system  could  support  a  number  of  UGVs  that  openxe  either  collaboratively  or 
independently.  Different  UGVs  might  perform  different  functions  such  as  hazard 
detection,  assessment,  moping,  civil  engineering,  EOD,  and  specialized  handling  of 
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chemical  (V  radioactive  matnial.  The  UGVs  could  be  linked  to  the  control  center  through  a 
wide-hand  RF  network.  Qose  human  supervision  or  even  telec^)erational  control  would  be 
possible  whenever  necessary.  Oversight  of  autonomous  UGV  functioning  would  be  the 
jnefened  mode  especially  ftH*  repetitive  operations. 

The  first  steps  in  exploiting  this  opptxtunity  involve  determining  program  pri(»ities 
and  plans  and  identifying  high  payoff  roles  f<x  UGV  systems  and  technologies.  This 
process  has  been  started. 

3.  Other  UGV  Applications 

A  number  of  other  inomising  UGV  applications  include  the  fc^owing: 

•  Countermine,  the  need  for  which  was  reinforced  by  Desert  Storm  and  its 
afkermadi 

•  Logistics,  for  which  many  functions,  such  as  storage,  handling,  transportation 
and  distribution,  are  amenable  to  automation  and  robotics 

•  Border  control,  which  hr  many  similarities  as  well  as  some  significant 
differences  with  exterior  physical  security. 

Prior  weak  and  potential  new  projects  in  these  areas  will  be  reviewed  during  FY  1993  and 
ptmoising  opportunities  discussed  in  next  year’s  UGVMP. 

G.  MANAGEMENT  RESPONSIBILITIES 

In  response  to  Congressional  direction,  all  DoD  advanced  develt^ment  projects  for 
unmanned  ground  vehicles  were  omsolidated  in  a  single  program  element  (PE0603709D) 
under  OSD  direction.  Respcmsibility  for  research  and  exploratory  development  remains 
with  the  Services  and  defense  agencies.  In  general,  funding  of  EMD  is  a  Service 
respcmsibility. 

Figure  18  shows  the  current  OSD  UGV  program  consisting  of  three  6.3B  projects, 
DEMO  I  and  DEMO  n,  each  of  which  has  been  described  in  eariier  sections.  Over  the  past 
2  years  this  program  has  achieved  substantial  technical  progress  and  enhanced  program 
ccdierence. 
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Figure  18.  Structure  of  OSD  UGV  Program 

The  Office  of  the  Director  for  Tactical  Systems  decides  on  specffic  projects  within 
the  OSD  program,  provides  program  direction,  allocates  funds  to  projects  and  carefully 
monitors  progress.  A  robotics  working  group  (RWG),  chaired  by  the  Deputy  Director 
Tactical  Systems  (Land  Systems),  assists  in  fulfilling  these  responsibilities.  The  RWG 
includes  representatives  of  the  Services,  DARPA,  and  other  elements  of  OSD.  They 
provide  the  information  required  for  program  management  The  RWG  provides  a  forum 
for  discussing  and  resolving  issues  and  for  transmitting  program  direcdcm  and  deciskms. 

1.  UGV  Advanced  System  Development  Programs 

Day-to-day  management  of  ASD  programs  is  the  responsibility  of  the  project 
managers  (who  are  also  members  of  the  RWG)  and  their  staffs. 

•  Tactical  UGV  Projects— The  UGV  JPO  is  a  joint  Army/Marine  Corps 
acquisition  office  with  responsibility  for  land  cmnbat  iqrplications  of  UGVs.  It 
was  established  in  FY  1990  at  the  Army  Missile  Comnumd,  with  the  Marine 
Corps  providing  the  project  manage.  Its  main  responsibility  is  the  detailed 
planning,  management,  said  execution  of  the  TUGV  acquisition  programL 

•  Explosive  Ordnance  Disposal  Projects-The  Joint  Service  EOD  Office  manages 
the  programs  fm-  the  teleoperated  RECORM,  already  in  EMD,  and  RONS. 

•  Rapid  Runway  Repair-The  development  of  the  RRR-an  Air  Force  unique 
UGV— is  carried  out  by  the  Air  Force  Civil  Engineering  Support  Agency, 
located  at  lyndall  Air  Force  Base,  FL. 
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•  Physical  Security  Projects-OSD  will  rely  on  the  DoD  PSEMO  at  Ft  Belvoir, 
VA,  for  day-to-day  management  of  UGV  projects  that  require  PSS&E 
expertise. 

2.  UGV  Technology  Enhancement  and  Exploitation  Program 

Currently  the  UGVTEE  has  two  parts:  DEMO  I  and  DEMO  n.  Die  day-to-day 
management  of  DEMO  I  and  DEMO  II  are  the  responsibility  of  the  Army  Research 
Laborattny  (ARL)  and  DARPA,  respectively.  ARL  will  continue  to  serve  as  the  focal  point 
fOT  near-term  UGV-related  technologies  and  will  assist  DARPA  in  the  management  of 
DEMO  n.  Communications  and  Electronics  Command  (CECOM)  and  TACOM  serve  as 
the  focal  points  for  cmnmunication  and  automotive  technologies,  respectively. 

To  accelerate  die  progress  and  maturation  of  auttmomous  navigation  technology  for 
ground  vehicles  that  must  operate  in  a  battlefield  environment  and  to  establish  an  industrial 
R&D  base  for  this  technology,  DARPA  and  OUSD(A)/TS  signed  an  MOA  in  FY  1991  for 
the  conduct  of  DEMO  n.  This  MOA  is  reproduced  in  Appendix  A  of  last  year’s  UGVMP. 

3.  Interdepartmental  and  International  Cooperation 

There  are  a  number  of  opportunities  for  cooperation  on  robotics  and  UGV  activity 
between  DoD  and  other  departments.  Some  are  being  exploited-NIST  and  ORNL  have 
contributed  to  the  UGV  program.  Others,  such  as  DoD/DoE  cooperatim  on  environmental 
restoration,  are  being  seriously  explored.  Other  important  opportunities,  such  as  DoD/ 
Department  of  Transportaticm  cooperation  on  robotic  ground  tranqxnt,  are  likely  to  emer^ 
soon.  Every  effort  is  being  made  to  explore  opportunities  for  coopnative  R&D  and  to 
ensure  that  DoD  takes  advantage  of  work  in  other  government  departments. 

Similarly,  there  is  strong  interest  in  UGV  technology  in  a  number  of  other 
countries,  including  Germany,  United  Kingdom,  France,  Japan,  Canada,  and  Israel. 
Through  exchange  of  visits  and  informal  information  exchanges,  the  groundwmk  is  being 
established  for  possible  future  cooperative  programs. 
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